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THE  MISSION  OF  AGARD 


The  mission  of  AGARD  is  to  bring  together  the  leading  personalities  of  the  NATO  nations  in  the  fields  of 
science  and  technology  relating  to  aerospace  for  the  following  purposes: 

- Exchanging  of  scientific  and  technical  information; 

- Continuously  stimulating  advances  in  the  aerospace  sciences  relevant  to  strengthening  the  common  defence 
posture; 

- Improving  the  co-operation  among  member  nations  in  aerospace  research  and  development; 

~ Providing  scientific  and  technical  advice  and  assistance  to  the  North  Atlantic  Military  Committee  in  the 
field  of  aerospace  research  and  development; 

- Rendering  scientific  and  technical  assistance,  as  requested,  to  other  NATO  bodies  and  to  member  nations 
in  connection  with  research  and  development  problems  in  the  aerospace  field; 

- Providing  assistance  to  member  nations  for  the  purpose  of  increasing  their  scientific  and  technical  potential; 

- Recommending  effective  ways  for  the  member  nations  to  use  their  research  and  development  capabilities 
for  the  common  benefit  of  the  NATO  community. 

The  highest  authority  within  AGARD  is  the  National  Delegates  Board  consisting  of  officially  appointed  senior 
representatives  from  each  member  nation.  The  mission  of  AGARD  is  carried  out  through  the  Panels  which  are 
composed  of  experts  appointed  by  the  National  Delegates,  the  Consultant  and  Exchange  Program  and  the  Aerospace 
Applications  Studies  Program.  The  results  of  AGARD  work  are  reported  to  the  member  nations  and  the  NATO 
Authorities  through  the  AGARD  series  of  publications  of  which  this  i>  one. 
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PREFACE 


I This  volume  consist*  of  s Stnary,  Prsfscs,  nine  pspers,  dlncusslons  following  each  prnssntstlon 

S and  a General  Discussion  with  closing  remarks.  Diit  AGARS /NATO  Aerospace  Medical  Panel  Specialists' 

■ Masting  was  held  in  Copenhagen,  Demark,  5-9  April  1976. 

K The  ala  of  the  meeting  was  to  facilitate  an  exchange  of  information  concerning  visual  aids  and 

a eye  protective  devices  used  by  the  aviator.  Authors,  observers,  and  Panel  members  from  12  NATO 

fi  nations  attended  the  meeting.  Ten  pspers  were  selected  for  the  program;  nine  were  presented.  A 

i tremendous  amount  of  discussion  ensued,  both  following  each  paper  and  in  the  "wrap  up"  General 

I Discussion.  Interest  in  all  of  the  topics  was  at  a high  level.  Since  this  was  the  final  session 

of  th*  meeting,  it  was  quite  gratifying  for  the  Session  Organiser  to  see  such  an  enthusiastic  and 
well  attended  final  discussion  period.  The  discussions  were  the  highlight  of  this  meeting.  Numer- 
ous questions  were  asked  and  problems  Identified.  The  ensuing  discussions  were  quite  helpful  in 
clarifying  points,  issues,  and  technical  matters. 

The  last  complete  presentation  of  the  topic  of  VISUAL  AIDS  AND  VISUAL  PROBLEMS  at  an  AGARD 
meeting  was  In  1961.  Xny  reader  wishing  to  compare  that  Session  with  the  present  one  should  read 
"VISUAL  PROBLEMS  IN  AVIATION  MEDICINE,"  edited  by  Dr.  Amend  Mercier  (A  Pergamon  Frees  Book,  1962). 

1 A number  of  the  topics  of  that  1961  me.- ring  were  discussed  again  at  this  present  meeting.  The 

L reader  can  gauge  for  himself  if  any  progress  has  been  made. 

I The  topics  that  have  been  discussed  at  this  Session  are  about  equally  divided  between  devices 

§ to  protect  the  eye  and  vision  of  the  aviator  and  those  which  are  Intended  to  enhance  and  extend  his 

| visual  capabilities. 
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EYE  PROTECTION,  PROTECTIVE  DEVICES  AND  VISUAL  AIDS 
fay 

Dr  D l!  Brennan 
Head,  Applied  Vieion  Section 
Neuroscience*  Diviaion 
TAP  Institute  of  Aviation  Medicine 
Farnborough,  Hampshire 
United  Kingdom 

SUMMARY  ' 

This  paper  discusses  the  major  ccuiar  hatarda  e«*ountered  in  military  aviation  and  describes  some 
protective  measures  which  may  be  adopted.  The  Aaaards  considered  are  solar  glare,  bird  strike,  wind 
blast,  miniature  detonating  cord,  lasers  psA  nuclear  flash.  The  role  of  image  intansifiers  in  aviation 
it  also  discuased. 

INTRODUCTION 

Excluding  agents  of  chemical  warfare  the  most  important  ocular  hazards  encountered  in  military 
aviation  fall  into  three  categories.  Solar  glare,  trauma  and  high  energy  light.  Protective  devices  against 
these  hazards  nrtst  be  compatible  with  existing  aircrew  equipment  assemblies  and  not  inhibit  the  safe  and 
efficient  performance  of  aircrew  tasks.  These  requirements  apply  also  to  visual  aids. 

Solar  Glare 

Protection  against  the  discomfort  and  the  reduction  in  visual  acuity  caused  by  glare  from  direct, 
reflected  or  scattered  sunlight,  is  essential.  In  transport  aircraft  where  slow  donning  and  doffing  is 
not  a problem  such  protection  may  be  provided  by  sunglasses.  In  high  performance  aircraft  where  protective 
helmets  are  worn  photo  stress  is  usually  avoided  by  means  of  a tinted  visor  which  is  integral  with  the 
flying  helmat.  The  visor  should  be  capable  of  adjustment  by  the  wearer  to  provide  protection  against 
external  glare  sources  whilst  permitting  a view  of  his  Instrumentation  below.  In  the  fully  lowered  position 
the  visor  should  be  capable  of  preventing  the  ingress  ot  all  unfiltered  light. 

The  filter  for  use  in  the  aviation  environment  should  have  a luminous  transmittance  of  between  10-15%) 
a transmittance  significantly  higher  being  only  of  cosmetic  value.  The  densities  of  the  filter (s)  before 
each  eya  should  be  closely  matched  to  avoid  false  projection  (Pulfrich  Effect) . The  tint  must  be  neutral 
to  avoid  adverse  effects  on  colour  discrimination  particularly  the  recognition  of  red  warning  signals.  As 
discomfort  from  glare  is  eliminated  it  is  important  to  ensure  that  infra  red  wavelengths  outside  the 
visible  band  (POO- 1400  nm)  are  also  attenuated  to  avoid  any  possibility  of  retinal  burns.  Short  ultra 
violet  wavelengths  may  also  be  hazardous  and  there  should  be  a complete  attenuation  of  the  solar  erythemal 
band  (290-320  no)  . 

As  with  all  transparencies  interposed  between  aircrew  and  the  external  scene  care  must  be  taken  to 
ensure  that  the  field  of  view  is  as  wide  as  possible,  and  that  the  optical  properties  and  the  physical 
parameters  conform  to  specification. 

Birds trike 

Protection  of  the  face  against  blrdstrike.  Fig.  1.  The  hazard  of  birdstrike  is  always  present  during 
flight  (both  day  and  night)  at  low  level.  Approximately  85%  of  birdstrike  in  the  UK  occur  at  altitudes 
below  500  ft  agl  whilst  only  7%  occur  at  altitudes  above  1,000  ft  agl.  The  Incidence  of  birdstrike  in 
low  level  fllgnc  is  such  that  a hit  in  the  cockpit  ares  is  a relatively  common  emergency  (with  respect  to 
the  vsrious  emergency  functions  to  be  provided  by  headgear) . Whenever  possible  the  strength  of  cockpit 
transparencies  should  be  such  that  they  will  not  shattor  when  a bird  is  hit.  The  strength  necessary  to 
meet  this  requirement  when  an  aircraft  flying  at  high  speed  hits  a heavy  bird  may  however  be  prohibitive. 

If  practical,  secondary  protection  to  the  aircrew  should  be  given  by  a tough  screen  mounted  within  the 
cockpit.  Again  however  this  requirement  may  be  incompatible  with  other  functions,  e.g.  external  vision, 
escape.  Furthermore  there  are  many  aircraft  in  service  at  present  in  which  protection  of  this  type  Is 
not  provided  and  yet  they  are  being  operated  at  high  speed  and  low  level.  When  a bird  impact  occurs  onto 
a cockpit  transparency  both  pieces  of  the  bird  and  splinters  (some  of  them  large)  of  the  transparency  fly 
towards  the  head  and  shoulders  of  the  aircrew  member.  The  pieces  of  eircraft  canopy  in  particular  are 
propelled  towards  the  face  of  the  occupant.  The  most  vulnerable  organ  ie  the  eye  and  temporary  or  even 
permanent  blindness  may  follow  a birdstrike  in  the  cockpit  area,  in  the  absence  of  other  forms  of 
protection  (strong  transparencies  or  internal  cockpit  screens)  a helmet  mounted  visor  made  of  a strong 
transparent  material  such  as  polycarbonate  (3  ran  thick)  is  essential  for  aircrew  operating  at  high  speed 
at  low  altitudes.  The  visor  should  protect  all  the  uncovered  area  of  the  face  as  well  as  the  eyes.  Thus, 
the  lower  edge  of  the  polycarbonate  visor  should  abut  closely  (less  than  5 ran  gap)  against  the  oronasal 
mask.  As  there  is  virtually  no  hazard  of  birdstrike  above  2,000  ft  agl  the  crew  mentoer  should  be  able  to 
remove  the  polycarbonate  visor  from  in  front  of  his  eyes  when  flying  above  this  height,  since  any  layer  in 
front  of  the  eyes  produces  a small  but  significant  impairment  of  vision.  Whilst  it  is  desirable  that  the 
user  should  be  able  to  lock  the  polycarbonate  visor  in  the  down  position  for  blast  protection,  there  is  no 
requirement  to  be  able  to  position  it  in  any  position  other  than  fully  up  or  fully  down.  Although  it 
would  simplify  and  lighten  the  headgear  if  the  strong  polycarbonate  visor  could  also  act  as  the  antiglare 
visor  there  are  many  flight  conditions  in  which  birdstrike  protection  is  required  without  the  antiglare 
function  e.g.  low  level  flight  at  dusk  and  night.  A dual  visor  system  is  therefore  essential  where 
birdstrike  and  glare  protection  are  required.  Fig.  2. 
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Blast  Protaction 

Tha  haad  ia  exposed  to  very  high  aerodynamic  forces  on  ejection  at  high  spaed.  These  aerodynamic 
forces  insert  very  high  angular  accelerationa  to  the  head  and  impact  of  the  head  against  the  seat  at  high 
velocity.  In  addition  the  blast  may  damage  the  tissues  of  the  face,  in  particular  the  eyes,  by  causing 
gross  displacement  and  rupture  of  tissues.  Furthermore  the  blast  may  displace  the  headgear  which  may  well 
then  be  lost  altogether.  Protection  against  tha  effacta  of  bleat  on  ejection  includes  the  retention  of 
the  headgaar  and  the  prevention  of  damage  to  tha  uncovered  portions  ot  the  face  and  neck.  Retention  of 
headgear  is  necessary  in  order  to  provide  impact  protection  to  the  head  during  the  subsequent  stages  of 
the  ejection  sequence  and  the  delivery  of  oxygen  to  the  cjectee  after  escape  at  altitudes  above  25,000  ft. 

The  UK  approach  to  the  bleat  problem  is  to  rely  on  the  protection  given  by  the  rigid  flying  helmet 
which  ia  provided  with  a strong  chin  strap  and  oxygen  mask  suspension  system.  Tha  eyes  are  protected  by 
the  polycarbonate  viaor  which  must  be  locked  down  on  ejection.  This  system  provides  adequate  protection 
against  blast  up  to  600-650  knots . 

Miniature  Detonating  Cord 

Some  aircraft,  notably  the  Harrier,  are  fitted  with  Miniature  Detonating  Cord  (MDC)  This  device 
consists  of  an  explosive  charge  contained  within  a lead  coat  which  is  applied  to  the  underside  of  the 
canopy.  On  ejection  MDC  shatters  the  canopy  into  relatively  small  frugments  prior  to  the  aircrew  leaving 
the  cockpit.  The  device  has  proved  to  be  of  great  value  in  minimising  personal  and  equipment  damage  on 
a through  canopy  ejection. 

There  have  been  a number  of  occasions  on  which  lead  spatter  from  MDC  has  caused  superficial  damage  to 
the  face  and  eyes.  The  most  severe  damage  has  been  corneal  penetration  to  a depth  of  ,3mm  by  small 
particles  of  lead.  Fig.  3.  In  this  example  the  pilot  had  his  visor  elevated  and  deliberately  kept  his 
eyes  open.  It  is  considered  unlikely  in  the  extreme  that  any  ocular  damage  will  result  If  the  visor  is 
lowered  and  the  eyes  are  closed.  In  order  to  prevent  lead  spatter  tracking  down  the  inner  surface  of  the 
visor  various  guards  have  been  developed  both  solid  and  of  foam  plastic,  these  devices  may  have  the  adverse 
effect  of  increasing  visor  misting. 

Lasers 

Lasers  are  devices  which  produce  beams  of  monochromatic  light  which  are  usually  of  small  diameter, 
intense  and  highly  collimated.  The  energy  density  within  the  beam  only  decreases  slowly  with  increasing 
distance  from  the  laser.  The  eye  has  the  ability  to  focus  the  collimated  beams  of  some  lasers  and  to 
concentrate,  the  energy  into  small  image  sizes  on  the  retina.  Fig.  4.  Thus,  lasers  can  damage  eyes  at 
considerable  distance  from  the  source. 

Neodymium,  gallium  arsenide  and  ruby  lasera  which  emit  at  1060  nm,  900  nm  and  694.3  nra  respectively 
are  the  most  important  lasers  encountered  in  military  aviation.  The  applications  of  these  lasers  include 
ranging  and  target  illumination. 

Laser  protection  is  best  provided  by  the  adoption  of  safe  working  distances.  STANAG  3606  gives 
guidance  as  to  the  method  of  calculating  the  Nominal  Ocular  Hazard  Distance  (NOHD) . It  must,  however,  be 
realised  that  the  calculated  NOHD  does  not  make  an  allowance  for  atmospheric  conditions  giving  rise  to 
•hot  spots'  or  for  intra  beam  viewing  using  optical  instruments  with  a magnifying  effect.  The  necessity 
for  pilot  protection  from  his  own  laser  is  debatable.  The  liklihood  of  a specular  reflector  in  the  range 
area  orientated  normal  to  the  beam  must  be  small,  the  probability  has  been  calculated  as  less  than  10~6. 
Should  such  a reflector  be  present,  its  reflectivity  at  the  laser  wavelength  is  not  likely  to  be  high.  It 
is  considered  that  pilot  protection  is  not  necessary  provided  the  target  and  surrounding  area  do  not 
contain  specular  reflectors  e.g.  windscreens. 

Where  protection  is  considered  necessary  this  may  be  provided  by  goggles  or  visors  with  the  requisite 
optical  density  at  the  laser  wavelength.  Care  must  be  taken  to  ensure  that  the  luminous  transmittance, 
effect  of  the  tint  on  colour  recognition  and  optical  properties  of  any  protective  device  are  adequate  for 
the  task. 

Nuclear  Flash 

The  fireball  resulting  from  a nuclear  explosion  is  capable  of  producing  direct  and  indirect  flash 
blindness  and  Indeed  may  cause  a retinal  burn.  By  day  the  small  pupillary  diameter  and  the  optical  blink 
reflex  should  prevent  retinal  burns  at  distances  at  which  survival  is  possible.  Similarly  indirect  flash 
blindness  from  scattered  light  within  the  atmosphere  and  the  globe  itself  does  not  pose  a problem.  Direct 
flash  blindness  from  the  image  of  the  fireball  on  the  retina  is  difficult  to  avoid,  but  again  at  survival 
distances  the  irradiated  area  will  be  small.  Even  in  the  worst  case  of  the  fireball  being  imaged  on  the 
macula,  para  macula  vision  should  allow  all  vital  flight  procedures  to  continue.  At  night  with  a dilated 
pupil  the  situation  is  much  worse.  Retinal  burns  are  possible  and  more  importantly  from  the  operational 
stand  point,  indirect  flash  blindness  may  deprive  the  aviator  of  all  useful  vision  for  unacceptably  Iona 
time  periods.  In  short,  protection  against  nuclear  flash  is  not  required  by  day  but  is  vital  at  night. 

(Vos  et  al,  1964) . 


CI-3 


A number  of  protective  measures  have  been  proposed,  Tf  an  exterior  view  is  not  required  or  only 
required  infrequently  it  would  be  possible  to  cover  ell  transparencies  with  opaque  blinds.  It  has  been 
advocated  that  filters  with  a fixed  1-2%  1 ominous  transmittance  be  worn  but  theoe  are  not  necessary  by  day 
and  are  of  limited  value  at  niqht.  Another  suggestion  has  been  an  eye  patch  which  may  be  removed  when 
one  aye  nns  been  affected,  but  this  ia  essentially  a two  shot  device.  What  is  required  is  a visor  which 
could  be  worn  at  all  times  when  nuclear  flesh  is  a possibility.  This  vieor  should  have  a very  high  luminous 
transmittance  whan  'open'  and  a very  low  transmittance  when  activated  by  < nuclear  flash,  clearing  rapidly 
when  the  flash  is  removed.  The  visor  should,  preferably,  be  made  of  polycarbonate  or  other  high  impact 
resistance  material  so  that  it  may  replace  the  one  intended  for  bird  strike  protection  in  the  dual  visor 
system.  Photochromic  compounds  are  being  developed  which  go  some  way  to  reetir.g  these  criteria.  These 
compounds  are  activated  by  the  ultra-violet  component  of  the  nuclear  flash  and  dari.en  rapidly  to  provide 
optical  densities  of  approximately  2.  They  clear  rapidly  following  tho  flash  but  nay  produce  an  afterglow. 

The  spectral  absorption  may  not  cover  the  total  desired  range  of  400-1400  nm  but  cac  be  centred  where 
desired  and  sideband  filters  added.  These  compounds  have  been  doped  in  acrylic  where  their  useful  life  is 
limited  due  to  oxidation,  successful  doping  of  polycarbonates  has  not  yet  been  achieved.  The  moat  promising 
host  material  to  date  is  epoxy  resin  where  the  shelf  life  is  unlimited.  Epoxy  resin  may  be  laminated  with 
polycarbonates  to  product*  the  necessary  impact  resistance. 

An  alternative  United  States  approach  ia  to  use  an  electro  optic  shutter  of  Lead  Lanthanum  Zirconate 
Titanate  In  a ceramic  wafer  (PLZT).  This  device  reacts  within  a few  microseconds  to  produce  optical 
densities  in  excess  of  3,  Although  these  characteristics  appear  ideal  plzt  has  two  disadvantages.  The 
open  state  luminous  transmittance  is  low,  about  22%,  and  it  would  ba  difficult  and  expensive  to  form  into 
a curved  visor. 

The  difficulties  that  would  be  caused  in  night  flight  by  the  low  open  state  luminous  transmittance  are 
currently  under  investigation.  Dark  adapted  subjects  are  required  to  distinguish  targets  against  backgrounds 
illuminated  to  provide  luminances  of  .0032,  .032  and  .32  candelas  per  square  metre.  These  luminances  J 

correspond  roughly  to  upper  scotopic,  low  meaopic  and  low  photopic  levels  of  luminance.  The  threshold  ability 
of  the  subjects  to  distinguish  the  target  from  the  background  is  determined  both  with  and  without  an 
interposed  neutral  density  filter  of  22%  luminous  transmittance.  The  liminal  brightness  Increment  (Al)  is 
measured  and  the  increase  when  wearing  the  filter  calculated.  The  preliminary  results  are  presented  below. 
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If  the  complete  laboratory  investigations  support  the  early  promise  and  if  aircrew  opinion  continues  to  : 

be  favourable  a flight  trial  will  be  considered.  j 

i 

Image  Intenslfier3  j 

i 

The  application  of  image  intensifying  goggles  in  aviation  is  currently  being  evaluated. 

i 

These  devices  incorporate  one  or  two  image  intensifying  tubes  with  the  requisite  optical  system  for  s 

binocular  viewing.  A beam  splitter  is  of  necessity  incorporated  Into  the  optics  of  the  single  tube  goggles.  ' 

Most  goggles  provide  the  conventional  controls  to  compensate  for  inc^r  pupillary  distance  and  individual  i 

spherical  refractive  error.  The  optics  provide  optimum  focus  at  infinity  but  viewing  of  maps  and  instruments  • 

is  possible  either  by  manual  focussing  or  by  means  of  a bifocal  segment  although  the  limited  depth  of  { 

field  particularly  when  combined  with  a small  reading  segment  makes  map  reading  difficult.  The  field  of  J 

view  of  different  goggles  varies  but  an  average  figure  would  be  40°,  The  desired  magnification  is  unity.  t 

The  goggles  are  designed  to  operate  in  the  passive  mode  but  an  inbuilt  diode  is  usually  provided  which  emits  i 

in  the  near  infra  red  to  provide  supplementary  illumination  at  close  range.  j 

i 

The  goggles  are  designed  to  operate  in  stsrlignt  (10"  3 lux)  but  in  practice  it  is  considered  that  their  , 

greatest  value  is  in  quar  'r  to  half  moonlight  conditions.  In  full  nbonlight  or  brighter  the  naked  eye  is  j 

able  to  perform  as  well  or  better.  The  resolution  provided  by  the  goggles  can  vary  both  between  manufacturers 
and  between  samples  from  the  same  manufacturer.  It  is  considered  that  of  the  goggles  evaluated  none  would  , 

provide  wire  recognition  at  a safe  distance.  The  view,  obtained  through  the  goggles,  of  a standard  vision 
test  chart  is  shown  in  Fig.  5.  j 


i 


The  image  presented  Is  generally  green  and  appears  close  to  the  peak  of  the  photopic  response  of  the  eye. 
Should  the  gogles  have  to  be  removed  the  eyes  would  require  time  to  dark  adapt.  Colour  coding  on  (haps  is 
of  little  value  and  ideally  specially  printed  maps  are  required.  Cockpit  and  aircraft  lights  must  be 
virtually  extinguished  to  avoid  flare  and  provision  made  to  enable  warning  lights  and  instruments  to  be  seen. 
The  main  disadvantage  of  the  goggles  evaluated  is  their  weight,  this  being  approximately  1 Kg.  The  goggles 
require  to  be  mounted  at  the  front  of  the  aircrew  protective  helmet  and  the  displacement  this  produces  in 
the  centre  of  gravity  of  the  head/helmet  system  causes  considerable  discomfort  and  precludes  wearing  the 
S goggles  for  prolonged  periods. 
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In  conclusion,  Image  intent i flare  srs  a valuable  transit  eld  tor  night  flight  in  good 
Meteorological  conditions  but  development  is  required. 
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DISCUSSION 

Concerning  the  hypothesis  of  the  destruction  of  the  macula  by  the  fireball,  you  eay  that 
It  la  possible  to  fly  with  paraaacular  via Ion?  la  this  only  a hypotheela,  or  have  you 
done  any  experimentation  youreelves? 

We  have  not  worked  with  this  problem  ouraalvae  but  consider  the  views  of  Voa  to  be  correct. 

In  connection  with  this,  I might  point  out  that  during  the  early  to  mld-alxtlea,  there 
were  aome  teats  conducted  by  people  at  the  USAF  School  of  Aaroepace  Medicine — Richey 
and  hie  coworkere— -In  which  they  indicated  that  practically  all  of  the  flying  activities 
could  be  conducted  with  parafoveal  vision.  Perhaps  soma  of  the  very  fine  lnatrument 
reading  functions  would  be  lost  but  moat  of  tha  activities  necessary  to  bring  an  aircraft 
back  could  ba  conducted  with  parafoveal  vision. 

In  reference  to  laeer  attenuation,  we  ere  concerned  about  the  same  thing.  I agree  that 
reflection  from  a man’s  own  laser  la  probably  minimal,  but  more  end  more  we  see  numerous 
uses  for  lasers— target  spotting  and  range  detection  from  both  ground-to-air  end  ground-to- 
ground  end  all  ccwlnations  of  the  various  lasers  that  you  mantloned.  Do  you  have  any 
specific  plans  for  attenuating  these  st  the  pilot's  eye?  That  la  the  flrat  question,  and 
the  second  one:  I noticed  you  did  not  uaa  a cover  on  your  dual  vlaor  (I  guess  you  coul  1 
go  on  to  e f lvo-vlsor  system) . Do  you  have  some  sort  of  cover? 

Yea,  we  have  e eoft  fabric  cover  which  is  taken  off  on  entry  Into  the  aircraft.  As  for 
protection  against  lasers,  we  would  only  consider  protection  if  a man  was  being  ranged 
upon.  An  exasiple  that  comes  to  mind  la  the  laeer-gulded  gun.  Obviously,  If  the  man  la 
acting  as  a target  for  e laeer-gulded  gun,  he  will  wear  protactlon.  But  at  tha  moment, 
we  are  not  advocating  protection  for  people  who  ere  using  only  thalr  own  laaera,  although 
I must  admit  that  It  la  an  emotlva  Issue  and  no  matter  what  one  eeya  to  certain  people, 
they  would  still  wear  laser  protective  visors  because  they  eay  they  are  not  going  to  run 
any  risk  at  all,  hovver  small. 

May  I atk  one  question?  On  your  duel  vlaor,  the  chap  in  the  slide  was  not  wearing  any 
apactade  correction.  Do  you  have  any  problem  Integrating  corrective  spectacles  with 
the  dual  vlaor  since  they  would  take  up  more  apace? 

No,  there  Is  adequate  space  for  all  flying  spectacles. 

So  the  visor  la  mounted  a little  further  out? 

That  la  correct.  The  only  trouble  Chat  we  are  having  with  our  dual  visor  system  is  In  the 
quality  of  the  polycarbonate.  We  find  It  very  difficult  to  get  optical  grade  polycarbonate. 
We  are  forced  to  use  coamerclel  grade  polycarbonate,  which  has  a very  high  rejection  rate. 
Ultimately  we  will  probably  go  to  an  Injection  molding  process  as  the  only  way  of  getting 
the  high  optical  quality  which  we  demand. 

Have  you  developed  the  fabrication  capability  for  PLZT  in  the  UK?  And  If  so,  how  large 
are  the  unite  that  can  he  made  in  your  industrial  process? 

No,  not  to  my  knowledge.  This  was  brought  to  mind  by  the  Sandia  people. 

Do  you  Chink  that  the  optical  density  between  1 and  2 for  your  photochromies  la  sufficient 
protection  for  nuclear  flsah  protection? 

Aa  you  know,  the  optical  density  required  depends  upon  your  weapon  characteristics  and  the 
type  of  aircraft,  and  the  role  In  which  you  ere  using  it.  I will  leave  it  at  that.  I 
will  say  that  we  think  that  an  optical  dsnalty  of  approaching  2— whether  It  Is  sufficient 
or  not,  I do  not  know. 

What  la  the  reaction  time  of  the  photochromlc? 

It  follows  the  time  course  oi.'  the  ultraviolet.  But,  we  have  in  the  audience  Mr  Reamond, 
from  the  Atomic  Weapons  Research  Establlataent  st  Wlldermatter,  and  he  perhaps  can 
answer  this  question  better  than  1 can, 

The  reaction  time  for  all  intent  and  purposes  Is  lnstantansous — 1CT®  of  the  second. 

So  it  follows  the  time  course  of  the  ultraviolet— the  more  ultraviolet  you  have,  the 
greater  the  density. 

A question  on  the  reaction  times.  You  aay  It  Is  10  of  a second.  It  begins  reacting 
then — at  what  time  docs  It  reach  this  optical  density  of  2?  In  other  vords,  are  you 
down  to  an  optical  density  of  1 or  2 In  10-8  of  the  second? 

The  time  at  which  you  would  reach  a given  optical  density  Is  the  function  of  the  amount 
of  ultraviolet  which  la  put  on  to  the  photochromlc.  The  10"8  of  the  second  Is  the  basic 
time  constant  of  the  reaction  of  the  photochromlc,  but,  In  fact,  since  you  are  always 
limited  by  the  rate  at  which  you  are  supplying  the  UV,  in  a particular  case  of  providing 
adequate  protection  It  may  turn  out  that  the  photochromlc  has  no  reason  to  go  to  a 
density  of  2.  This  depends  upon  weapon  characteristics  snd  the  distinct  that  you  are 
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ewa y ft  cm  the  veapon  ••  wall  ••  on  general  sablent  condition*. 

I have  on*  nor*  question,  I not lead  that  on  all  your  windscreen  failure*  (blrdstrlk**) . 
the  windscreen*  ware  acrylic,  Ara  any  newer  windscreen*  being  fabricated  with  poly- 
carbonates? 

No,  at  the  ncamnt  we  do  have  windscreen*  which  ara  lantnated,  but  pur*  polycarbonates. 
No, 
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SUMMARY 

The  basic  function  of  the  aviator’s  helmet  and  visor  assembly  is  to  provide  protec- 
tion for  the  head  and  eyes.  Recent  technological  developments  have  resulted  in  addition- 
al functions  being  assigned  to  the  helmet  and  visor.  The  additional  functions  range  from 
static  aids  for  distant  vision  to  dynamic  displays  of  information  for  use  in  weapon  con- 
trol and  guidance,  and  aircraft  management  and  situational  information.  Basic  require- 
ments for  the  protective  equipment  have  been  established.  The  expanded  functions  for 
the  protective  equipment  require  that  modifications  be  made  in  the  equipment  configura- 
tion. The  modifications  must  be  accomplished  without  sacrificing  the  basic  functions  of 
protection.  Accomplishment  of  these  two  goals  requires  cooperation  between  the  display 
designers  and  crew  equipment  specialists. 

BACKGROUND 

The  aviator's  helmet  assembly  provides  eye  protection,  sound  attenuation  and  protec- 
tion for  the  wearer's  head  during  in-flight  buffeting,  seat  ejection,  bail  out,  crash 
landing,  bird  strikes  or  other  impact  threats.  The  helmet  is  designed  to  distribute 
impact  forces  over  the  head  and  to  absorb  those  forces  so  that  a minimum  amount  of  any 
impact  reaches  the  wearer's  head.  The  basic  helmet  currently  in  the  U.S.  Navy  fleet  use 
for  attack  and  fighter  pilots  is  the  APH-6  helmet.  The  outer  shell  of  this  helmet  is 
molded  from  fiber  glass  and  polyester  resins,  and  gives  impact  and  penetration  protection. 
The  edge  of  the  shell  is  covered  with  a rubber  edge  roll  which  protects  the  wearer  from 
the  helmet  edges.  The  inner  foam  liner  of  the  helmet  consists  of  three  cellular  polysty- 
rene sheets  which  are  molded  to  fit  the  inside  contour  of  the  outer  shell.  The  liner 
absorbs  and  dissipates  impact  forces.  Sizing  liners  which  are  readily  inserted  and  re- 
moved, permit  the  helmet  to  be  fitted  to  the  aircrewman's  head  to  afford  protection, 
stability  and  comfort.  Nape  and  chin  straps  insure  helmet  retention.  The  helmet  shell 
and  liners  are  produced  in  small,  medium  and  large  sizes. 

The  helmet  visor  assembly  provides  protection  for  the  eyes  from  glare,  dust,  wind- 
blast,  foreign  particles,  flash  fires  and  flying  debris  from  windscreen  shatters.  Stand- 
ard visors  are  clear  and  neutral  gray.  The  helmet  sonic  earcup  assembly  consists  of  an 
earphone  housing  and  a foam  rubber  ear  i ishion.  The  earcup  assemply  attenuates  ambient 
noises  and  thus  improves  reception  of  auditory  signals  from  the  earphones. 

The  aircrewman  also  wears  an  oxygen  mask  which  is  supported  by  a mask  suspension  sys- 
tem attached  to  the  helmet  at  retaining  tracks. 

Minimum  requirements  for  the  aircrewman's  personal  equipment  have  been  established 
and  are  published  as  specifications.  The  helmet  shell,  liners  and  visors  are  the  equip- 
ments which  have  been  most  significantly  affected  by  advanced  visual  aids.  The  basic 
requirements  for  the  helmet  shell  and  liner  are  shown  in  Table  I.  The  critical  require- 
ments for  the  visors  are  shown  in  Table  II.  The  standards  which  have  been  set  are  essen- 
tially feasible  goals  in  light  of  state-of-the-art  manufacturing  capability  and  in  some 
cases  poorest  tolerable  quality  in  terms  of  the  user  performance.  As  will  be  seen  sig- 
nificant changes  in  helmets  and  visors  have  been  prompted  by  helmet  mounted  sight  and 
display  developments. 


TABLE  I 

Helmet  Basic  Performance  Specifications 


Characteristic 

Piercing  Resistance 

Impact 


Test 


16  oz.  pointed  plumbob 
dropped  from  3.048  M 
(10  ft.)  height 

7.39  kg  weight  dropped 
from  186.69  cm  in  a 
standard  impact  test 
apparatus 


Performance 


Maximum  penetration 
3.18  mm  (1/8  in.) 


Maximum  acceleration 
400  g;  No  evidence 
of  "bottoming" 
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TABLE  II 

Visor  Critical  Performance  Specifications 


Characteristic 

Visible  transmittance 

clear  visor 
neutral  gray  visor 

Neutrality 

neutral  gray  visor 

Chromaticity 

neutral  gray  visor 

Diffuse  transmittance 
Ultraviolet  transmittance 
Abrasion  resistance 

Coating  adhesion 

Vertical  prismatic  deviation 

Horizontal  prismatic  deviation 

Spherical  power 
Critical  area  distortion 
Crack  propagation 
Wind  blast  resistance 


Specification 


Not  less  than  871 
121  t 41 


Less  than  121  deviation  from  neutral 


X § Y chromaticity  coordinates  within 
standard  limits 

Less  than  51  of  total  visible 

Less  than  51  between  290  8 420  nanometers 

No  major  abrasion  when  subjected  to 
standard  test 

No  loosening  or  removal  of  coating  in 
standard  test 

Less  than  0.25  diopters  difference  for 
right  and  left  critical  areas.  No  abrupt 
changes  in  prism 

Less  than  0.75  diopters  total  for  right  and 
left;  less  than  0.18  diopters  difference 
between  right  and  left 

Less  than  0.125  diopters 

Within  standard  tolerance  limits 

Within  specified  limits  under  standard  test 

Visor  shall  not  rise,  loosen,  tear  away  or 
break  in  standard  test  (blast-520  mph;  rise 
time  -60  msec.) 


INTEGRATION 

Efforts  have  been  underway  for  more  than  fifteen  years  to  develop  helmet  mounted 
sight  and  display  systems.  The  only  system  which  has  reached  even  a limited  operational 
stage  is  the  Visual  Target  Acquisition  System  (VTAS)  which  is  produced  by  Honeywell,  Inc. 
VTAS  is  a target  sight  system  in  which  a reticle  and  discrete  signal  lights  are  presented 
to  a pilot. 

The  earliest  version  of  the  VTAS  helmet  made  use  of  a small,  retractable  beam  split- 
ter which  came  to  be  called  a "granny  glass".  The  beam  splitter  could  be  positioned  so 
that  the  signals  were  presented  monocularly  to  the  right  eye  of  the  pilot.  The  second 
generation  of  the  helmet  portion  of  the  VTAS  system  utilizes  the  visor  as  the  beam  split- 
ter. The  projection  and  additional  optics  are  mounted  on  rhe  visor  and  the  pilot  sees 
the  reticle  and  signal  lights  reflected  from  the  paraboloid  portion  of  the  visor  beam 
splitter. 

Other  efforts  are  or  have  been  underway  to  develop  helmet  mounted  display  systems  in 
which  dvnamic  and/or  selectable  information  can  be  displayed  to  a pilot  while  he  observes 
the  environment  external  to  the  cockpit.  These  efforts  have  included  holographic  tech- 
niques in  which  holographic  lenses  are  mounted  on  the  visor  and  cathode  ray  tubes  (CRTs) 
or  some  other  technique  such  as  light  emitting  diodes  are  used  to  generate  the  signals  to 
be  displayed  to  the  pilot;  helmet  mounted  CRTs  with  mating  optics  to  relay  the  CRT  images 
to  one  eye  while  the  other  eye  views  the  outside  environment;  and  helmet  mounted  CRTs  with 
fiber  optic  probes  to  relay  the  images  to  a projection  point  and  monocular  or  binocular 
beam  splitters  or  reflectors.  Most  of  the  helmet  mounted  sight  and  display  systems  re- 
quire that  the  line  of  sight  of  the  pilot  be  detected  and  relayed  to  a computer  for  use 
in  either  weapon  system  or  display  management.  In  some  cases,  the  position  of  the  helmet, 
or  head,  is  sensed.  In  other  cases,  both  head  position  and  eye  position  are  sensed.  In 
either  case,  som"  type  of  electronic  units  are  mounted  on  the  helmet  as  part  of  the 
helmet/eye  position  sensing  scheme. 


Prior  to  the  development  of  the  VTAS  system,  crew  equipment  personnel  monitored, 
with  interest,  developments  in  helmet  mounted  sights  and  displays,  but  there  was  little 
meaningful  interaction  between  personal  equipment  specialists  and  the  display  designers. 
The  equipment  specialists  were  keenly  aware  of  deficiencies  in  the  comfort  of  the  avia- 
tor's helmet,  and  efforts  were  underway  to  improve  the  fit,  stability,  balance,  weight 
and  thermal  comfort  of  the  helmet  and  the  quality  and  durability  of  the  visor.  The 
advent  of  VTAS  aggravated  many  of  the  helmet  problems  and  accelerated  efforts  to  improve 
the  helmet. 

Because  VTAS  is  a sight  system,  movement  of  the  helmet  on  the  aviator's  head  intro- 
duces sizeable  guidance  errors  into  the  system.  Movement  of  the  APH-6  helmet  is  likely 
to  occur  even  when  the  pilot's  head  is  completely  dry.  Movement  is  even  more  likely  if 
there  is  moisture  from  perspiration.  Addition  of  the  VTAS  projector  and  sensing  elec- 
tronics to  the  helmet  changed  the  weight  and  balance  of  the  helmet  which  further  aggra- 
vated the  helmet  slippage  problem.  The  response  to  these  very  serious  problems  was  to 
find  an  interim  method  of  providing  aviators  assigned  to  VTAS  equipped  squadrons  with 
form-fit  helmet  liners.  This  was  initially  accomplished  by  making  a mold  of  each  avia- 
tor's head.  The  mold  was  sent  to  a helmet  manufacturer  where  a liner  was  made,  complete 
with  padding  for  his  helmet.  The  unit  was  then  returned  to  the  aviator.  The  process 
was  an  extremely  time  consuming  one,  and  obviously  not  very  satisfactory.  Other  efforts 
were  underway  to  find  more  satisfactory  alternatives.  Some  of  the  alternatives  tried 
were  various  field  foam- in-place  methods  of  making  the  helmet  liners.  Several  proved 
promising.  One  is  the  Thread-Rite  system  which  the  U.S.  Air  Force  adopted,  and  which 
the  U.S.  Navy  is  using  on  an  interim  basis.  It  is  a foam- in-place  system  which  uses  a 
mold  positioned  on  the  pilot's  head.  The  foam  components  are  mixed,  poured  into  the  mold 
and  allowed  to  set.  The  liner  must  then  be  removed  from  the  mold,  trimmed,  fitted  with 
a comfort  liner  and  a leather  liner  and  then  mounted  into  the  pilot's  shell.  A newer 
system  currently  in  operational  evaluation  by  the  U.S.  Navy  is  the  V-TEC  system  which  is 
an  improvement  over  the  Thread-Rite  system  and  uses  a helmet  outer  shell  as  the  mold.  When 
the  foaming  process  is  complete  the  liner  is  complete,  and  must  then  be  removed  from  the 
mold  shell,  placed  in  the  pilot's  personal  shell  and  the  whole  process  can  be  completed 
within  approximately  IS  minutes.  The  weight  of  the  helmet  has  been  reduced  and  is  ex- 
pected to  be  reduced  even  further  by  use  of  newer  light-weight  materials. 

Still  another  development  in  the  helmet  improvement  program  which  has  proven  signif- 
icant for  the  helmet  mounted  display  developments  is  a new,  low  profile  light  weight 
foam- in-place  helmet  assembly  which  is  still  in  a developmental  stage.  The  basic  concept 
in  this  development  has  been  that  of  an  integrated  approach  to  the  development  of  head- 
mounted  personal  protection  equipment.  Naval  Air  Development  Center  Crew  Equipment  per- 
sonnel have  addressed  the  entire  spectrum  of  head-mounted  personal  protective  equipment 
including  visors,  communications  and  oxygen  as  well  as  the  helmet  shell.  The  VTAS  pro- 
gram is  being  interfaced  with  the  integrated  light  weight  helmet  low  profile  foam-in-place 
helmet  program  through  the  cooperative  efforts  of  the  Crew  Equipment  engineers,  the  VTAS 
Project  engineers  and  contractors  in  both  areas.  The  result  is  the  VTAS  111  helmet  in 
which  the  helmet  position  sensor  units  are  molded  into  the  shell,  thus  providing  better 
weight  and  balance  while  maintaining  the  penetration  and  impact  protection  required  for 
the  helmet.  Table  III  shows  comparative  values  for  the  various  generations  of  helmets, 
before  and  after  VTAS. 


TABLE  III 
Helmet  Weights 


Helmet 

Weight  (kg) 

APH-6/A13-A 

2.61 

HGU-33P/A13-A 

1.86 

HGU-35/P 

1.81 

VTAS  I/A13-A 

2.7/ 

VTAS  II (APH-6/A13-A) 

3.4 

VTAS  I I (PRU-37/P , A13-A) 

2.68 

VTAS  II  I(HGU-35/P) 

2.13 
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The  visor  requires  special  attention.  An  aviator  should  always  fly  with  a protec- 
tive visor  in  place.  Even  a small  accident  such  as  being  struck  in  the  eye  by  cockpit 
debris  could  be  extremely  expensive  in  terms  of  the  individual  aviator's  career  and  in 
terms  of  the  investment  in  training.  In  addition,  such  an  accident  could  conceivably 
precipitate  a larger  accident  resulting  in  loss  of  a crew  and  aircraft.  Everything  that 
a pilot  sees,  then,  while  operating  an  aircraft  is  seen  through  the  visor.  Blurring  and 
distortions  of  the  visual  field  are  unacceptable.  Inadequate  visor  performance  can 
result  from  two  classes  of  conditions.  The  first  is  poor  optica,  quality  in  the  visor, 
the  second  is  visor  surface  damage.  The  optical  quality  of  the  visor  is  determined  in 
the  manufacturing  process.  The  basic  visor  is  a section  of  a sphere  and  is  manufactured 
by  either  molding  or  vacuum  forming.  It  is  relatively  easy  to  construct  such  a visor 
which  conforms  to  the  optical  specifications  for  visors  shown  in  Table  II.  In  order  to 
increase  the  durability  of  the  visor,  "Abcite"  coated  polycarbonate  material  is  being 
used.  The  visors  for  some  of  the  advanced  displays  require  that  special  optical  charac- 
teristics be  built  into  the  visor.  For  example,  the  VTAS  visor  is  parabolic  in  the 
reflecting  area.  At  least  one  of  the  proposed  helmet  mounted  display  visors  is  a dual 
parabolic  shape  in  the  reflecting  area.  Such  a visor  is  much  more  difficult  to  manu- 
facture to  conform  with  the  spherical  and  prismatic  power  specification.  The  irregular 
shapes  of  the  visors  also  raise  the  problem  of  mechanical  integrity  of  the  visor.  The 
basic  strength  and  durability  of  the  visor  must  be  maintained  intact.  The  experience 
with  the  development  of  the  VTAS  parabolic  visor  illustrates  the  way  in  which  Crew  Equip- 
ment Specialists  - ir,  this  case  optical  specialists  - interface  with  the  display  manu- 
facturers in  a cooperative  effort  to  achieve  the  desired  endpoint  - a visor  of  good  op- 
tical quality.  The  result  of  the  efforts  of  the  Honeywell,  Inc,  personnel  who  were 
responsible  for  the  development  of  the  visor  was  a parabolic  visor  which  conforms  with 
all  of  the  optical  requirements  of  the  visor  specification. 

The  transmittance  of  the  visor  has  always  created  a dilemma.  Since  the  visor  must 
be  used  in  both  day  and  night  operations,  a single  visor  density  is  inadequate.  During 
daytime  operations  the  tinted  visor  of  121  141  transmittance  is  used;  during  night  opera- 
tions the  clear  visor  which  has  a transmittance  of  at  least  871  is  used.  Several  alter- 
natives are  available  to  accommodate  these  incompatible  transmittance  requirements.  The 
least  attractive  alternative  for  a pilot  is  to  change  the  visor  assembly  on  the  helmet, 
another  unattractive  alternative  is  for  the  aviator  to  have  one  helmet  for  day  operations 
and  another  for  night  operations.  In  either  of  those  cases,  a mission  which  included 
both  day  and  night  operations  would  present  a problem.  In  order  to  provide  for  such 
cases,  a dual  visor  kit  which  contains  both  a clear  and  a tinted  visor  was  prepared  and 
has  been  in  fleet  use  for  some  time.  The  dual  visor  kit  enlarges  the  profile  of  the 
helmet,  adds  weight  and  has  never  been  accepted  very  well  in  the  fighter  and  attack  pilot 
community.  More  recent  developments  in  eyeglasses  have  provided  some  relief,  though  not 
a completely  satisfactory  solution  to  this  problem.  Aviators  are  now  permitted  to  remain 
on  flying  status  With  visual  acuity  of  20/50  or  better  and  must  wear  lenses  to  correct 
the  acuity  to  20/20.  In  order  to  accommodate  more  comfortably,  those  pilots  who  require 
correction,  a new  eysglass  frame  is  being  developed.  The  new  profile,  which  is  shown  in 
Figure  1,  can  be  worn  behind  the  visor.1  With  the  new  frame,  a pilot  can  use  a helmet 
fitted  with  a clear  visor  and  wear  sunglasses  in  the  daytime.  Those  who  require  correc- 
tion can  wear  clear  prescription  eyeglasses  at  night  and  tinted  prescription  eyeglasses 
during  the  day.  This  solution  is  a significant  improvement  in  ordinary  operations,  but  it 
is  less  than  optimum  in  use  with  sight  systems  such  as  VTAS  and  is  incompatible  with  the 
optics  of  other  display  systems.  The  ideal  solution  would  be  a variable  density  visor 
which  developed  adequate  density  for  daytime  operations  and  becomes  essentially  clear  in 
low  light  levels.  Efforts  arc  currently  underway  to  develop  techniques  for  providing  such 
a visor.  Because  of  the  nature  of  the  materials  which  can  be  adapted  for  the  purpose,  the 
solution  will  probably  be  to  coat  a clear  visor  with  a removable  variable  density  film. 
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The  oxygen  system  is  enother  ares  in  which  the  personnel  protective  equipment  must 
interface  with  the  helmet  mounted  sight  and  display  systems.  Fighter  and  attack  pilots 
must  be  provided  with  oxygen  for  breathing.  A mask  is  the  most  usual  way  of  providing 
the  oxygen.  Helmet  mounted  optical  systems  must  be  compatible  with  the  oxygen  system. 

The  integrated  personnel  protection  program  has  included  improvements  in  the  oxygen  sys- 
tem as  well.  Complaints  about  the  old  oxygen  system  were  directed  at  the  blockage  of 
vision  by  the  profile  of  the  mask,  the  restriction  of  head  movement  caused  by  the  hose 
which  hung  from  the  front  of  the  mask  and  the  uncomfortable  weight  and  balance  of  the 
mask.  The  mask  for  the  new  head  protection  system  will  have  a lower  profile,  no  hose 
on  the  front  and  will  provide  more  comfort  because  of  the  improved  weight  and  balance 
of  the  total  head  protection  system.  Integration  with  the  display  visor  will  be  accom- 
plished at  the  squadron  level  by  trimming  the  visor  to  fit  the  mask  contours  and  posi- 
tion as  worn  by  each  pilot.  Guides  and  patterns  will  be  provided  for  achieving  the 
proper  mating. 

The  electrical  and  mechanical  connections  required  for  the  display  systems  are 
another  area  of  integration  and  interface  in  which  crew  equipment  personnel  and  display 
designers  must  cooperate.  For  any  system  which  requires  connection  of  an  aviator  to 
the  aircraft  there  must  also  be  provision  for  emergency  separation  of  the  two.  In 
addition,  the  cables  which  link  the  pilot  and  aircraft  must  not  restrict  the  activity 
of  the  pilot  to  the  extent  that  the  ability  to  perform  the  mission  is  impared.  Fighter 
and  attack  pilots  require  good  cockpit  mobility  and  visibility.  If  the  display  system 
requires  that  voltage  be  brought  to  the  helmet,  the  connections  used  must  have  good 
electrical  integrity  and  insulation,  and  must  be  quick  disconnect  connectors  which  will 
not  become  a threat  to  the  pilot  on  ejection. 

Safety  of  use  is  an  important  consideration.  In  addition  to  the  maintenance  of  the 
integrity  of  the  basic  protection  afforded  by  the  helmet  assembly,  and  electrical  safety, 
safety  during  ejection,  catapult  and  arrest  must  be  assessed.  The  threat  on  ejection  is 
of  damage  from  wind  blast,  damage  to  the  head,  neck  and  shoulders  caused  by  imbalance 
of  the  head  mounted  equipment  and  damage  from  flailing  solid  objects  such  as  connectors. 

The  usual  method  of  assessing  ejection  safety  is  to  first  test  eject  anthropomorphic 
instrumented  manikins  outfitted  with  the  equipment  being  evaluated  and  then  test  eject 
live  subjects,  on  an  ejection  test  tower.  The  threat  on  catapult  and  arrest  is  of  phy- 
sical damage  to  the  pilot  caused  by  poor  balance  and/or  mechanical  integrity  of  the  hel- 
met mounted  system.  Assessment  of  these  threats  is  accomplished  cn  a horizontal  acceler- 
ator with  first  a manikin  and  then  live  subjects. 

In  addition  to  equipment  integration,  another  important  area  of  concern  is  use  of 
the  displays,  or  the  man-machine  interface.  Several  considerations  are  pertinent  and 
should  be  addressed  early  in  the  design  of  any  display.  They  include  type  of  informa- 
tion required,  type  of  reading  operations  required,  and  operator  display  management. 

The  considerations  relevant  to  the  information,  optical  and  visual  characteristics,  have 
been  dealt  with  in  detail  elsewhere.2  It  will  suffice  for  our  purposes  here  to  enumerate 
some  of  the  areas  in  which  design  decisions  must  be  made.  The  type  of  information  to  be 
displayed  may  be  simple  static  sighting  type  information  with  "lock-on"  indication  as 
for  a radar  or  missile  aiming  function,  it  may  be  dynamic  sight  type  information  such  as 
p hot-line  for  a gun  sight,  dynamic  display  to  present  "launch  envelope"  type  information 
or  more  visually  complex  signals  to  provide  aircraft  position  and  condition  information. 
There  are  in  general,  two  types  of  display  reading  operations.  The  first  is  accurate 
reading  in  which  precise  position,  location  or  alpha-numerics  are  to  be  discriminated, 
the  second  is  monitoring  type  operations  in  which  relatively  gross  visual  functions  are 
performed.  The  design  decisions  relative  to  these  areas  will  influence  choices  of  sym- 
bology, color,  brightness,  visor  transmittance,  visor  coatings,  display  signal  genera- 
tors, permissible  signal  instabilities  and  system  optical  requirements.  The  types  of 
technical  personnel  who  must  be  involved  in  reaching  these  design  decisions  are,  in 
addition  to  the  display  engineers,  human  factors  engineers  and  vision  specialists. 

The  experiences  of  Crew  Systems  personnel  at  the  Naval  Air  Development  Center  indi- 
cate that  the  earlier  in  the  design  process  the  appropriate  personnel  start  to  interact, 
the  smoother  the  transitions  through  the  research  and  development  process  are  accomplished. 
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DISCUSSION 

What  luntnancea  do  you  uaa  in  your  display*  for  day  and  right  tine  use?  That  1b  one 
question,  and  the  other  question  1st  When  wearing  sunglasses  under  your  clear  poly- 
carbonate visor,  how  do  aircrew  manage  to  don  and  doff  the  sunglasses  rapidly  when 
going  from  rapidly  chugging  illumination,  such  as  from  low  level  through  clouds  to 
the  high  levels  of  luminance? 

Well,  they  don' t— that  la  one  problem  with  using  spectacles.  One  thing  that  I did  not 
mention  In  response  to  the  second  pert  of  your  question.  First,  the  spectacles  also 
present  something  of  s bit  of  a problem  with  seme  of  the  displays.  The  optics  tn  the 
display  muBt  be  Integrated  with  the  optics  in  the  spectacles.  If  there  is  power  in  the 
spectacles,  that  is  a problem.  And  in  order  to  solve  that  problem,  a variable  density 
visor  would  be  the  Ideal  visor.  There  are  some  efforts  underway  to  develop  a variable 
density  visor,  but  those  efforts  are  really  somewhat  Inadequate.  The  brightness  of  the 
display  is  a problem,  At  present,  with  VTAS— VTAS  la  only  a daytime  system,  and  I do  not 
recall  the  exact  brightness  but  it  seems  to  me  there  la  some  control  over  the  intensities 
of  the  VTAS  energies  and  the  maximum,  1 believe,  is  Delta  I of  around  a tengh  of  the 
increase  in  the  background.  There  apparently  have  been  no  problems  with  the  VTAS  Images. 

The  difficulties  will  come  providing  bright  enough  display  images  since  now  the  images 
are  being  picked  up  from  a ".'node  ray  tube  or  some  other  kind  of  image  generating  device 
and  transmitted  in  some  way  ..o  the  visor  so  that  there  will  be  tremendous  light  loss. 

The  rule  of  thumg  for  brightness  on  the  cathode  ray  tube  that  has  been  requested  is  around 
100  ft.  lambert  rightness  at  the  screen  but  that  number  has  been  used  for  the  helmet- 
mounted  cathode  ray  tube  where  either  a 100X  reflecting  mirror  is  used  to  reflect  the 
images  to  the  pilot's  eye — in  some  cases,  a 90X  reflecting  beam  splitter,  a small  beam 
splitter.  In  attempting  to  move  the  cathode  ray  tube  from  the  helmet  to  the  aircraft 
In  order  to  reduce  the  weight  on  the  helmet,  it  means  using  a fiber  optics  probe  with 
10%  per  fc.  transmittance  loss  through  the  fiber  optics  so  the  brightness  will  be  a problem. 
And  I suspect  that  dome  techniques,  such  as  reflective  coatings  on  the  visor,  may  be  used 
to  take  advantage  of  every  bit  of  light  that  can  be  reflected — reflected  coatings  on  the 
inside  of  the  visor  which  match  the  phosphorous  of  the  cathode  ray  tube  or  whatever  other 
devices  may  be  used  to  generate  the  images. 

Just  one  more  question.  Where  did  you  get  the  polycarbonate?  Do  you  inject  mold  the  poly- 
carbonate that  you  use  on  the  visor? 

No,  they  arc  vacuum  formed,  I believe. 

From  cheap  materials? 

Yes,  I don't  believe  that  any  of  them  are  injection  molded. 

Do  you  happen  to  know  where  they  get  the  cheap  material? 

No,  but  I will  find  out.  They  do  conform  with  the  neutrality  required  for  the  visors. 

You  can  acquire  the  polycarbonate  from  the  General  Electric,  GE;  its  trade  name  is  Lexan. 

Just  a comment.  The  Army  uses  injection  molded  polycarbonates  from  the  Centex  Corporation. 

The  VTAS  is  a daytime  system  only,  but  can  you  use  It  on  a clear  visor?  Do  you  get  enough 
Delta  X on  a clear  visor,  or  mu3t  it  be  a tinted  visor  to  see  the  images? 

The  tinted  visor  uses  VTAS.  This  is  the  first  place  that  the  problem  of  the  visor  trans- 

mittance was  really  tackled.  The  visor  used  wfth  VTAS,  the  tinted  visor,  is  not  a 122 
plus  or  minus  4%  transmitting  visor.  The  transmittance  is  a little  higher,  but  a good 
deal  of  the  density  of  the  visor  is  achieved  by  the  coating  inside  the  visor  to  enhance 
the  reflection. 

So  it  has  not  been  tried  with  a clear  visor  yet? 

It  has  been  tried  with  a visor,  I think,  as  high  as  about  60%  transmittance. 

I have  a question  in  connection  with  the  new  spectacle  frames  fitting  under  the  helmet  with 
the  dual  visors.  How  is  the  computability  of  these  frame  eyeglass?  According  to  the  sketch 
you  presented,  are  the  ends  of  the  great  side  of  the  visor  precisely  placed  between  the 
external  ear  and  the  region  of  the  curve?  This,  however,  may  cause  heavy  discomfort  if  the 
spectacles  concerned  are  worn  for  longer  periods,  and,  moreover,  have  you  considered  re- 
duction of  the  spectacle  frame  itself?  What  about  the  aperture  of  the  spectacle  glasses 
and  the  width  of  the  so-called  bridge?  There  you  need  the  possibility  of  some  shlfLing 
in  respect  to  the  corresponding  parts  of  the  nose  and  the  Inlerpupillary  distance 

This  spectacle  frame  is  not  in  operational  use. 

But  the  Navy  has  been  worklnR  on  a new  frame.  The  Navy  is  using  exactly  the  same  one  as 
I.  am  wearing  and  which  l will  describe  In  the  next  20  minutes  in  detail.  All  they  have 
done  is  taken  the  hinge  which  In  the  American  Optical  frame  sits  out  laterally  and  bent 
it  90  degrees  so  that  it  tow  comes  straight  hack,  reducing  the  total  width  of  the  frame 
about  5 mm.  That  Is  all  that  has  been  done  right  now.  It  Is  too  complicated  to  go  Into 
producing  a special  pair  of  glasses  for  one  service  since  these  are  utilized  throughout 
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the  services — Army,  Nsvy,  Air  Force,  etc.  But  thst  is  what  It  ts  right  now,  a temporary 
fix. 

Bo  you  have  standards  which  allow  you  to  measure  the  optimum  radius  of  curvature  for  the 
viaor? 

The  basic  visor  is  a section  of  the  sphere,  and  there  are  standards  for  the  permissible 
power,  the  prismatic  power  possible  which  is  acceptable  in  a viBor.  With  the  special 
display  viaor,  the  curvature  is  not  a sphere.  With  VTAS,  the  visor  in  the  reflecting 
portion  is  a parabolic  visor  of,  I think,  possible  2 or  3 in  focal  length.  I do  not 
remember  exactly.  And  the  problem  of  achieving  the  power  required  in  the  reflecting 
portion  of  the  visor  without  adding  power  to  the  transmitting  property  of  the  viaor 
vas  a problem,  The  spherical  power  was  not  a problem!  that  was  easy  to  deal  with,  but 
the  prismatic  power  was  a problem.  Jusc  because  as  the  visor  wss  formed,  as  it  was 
stretched,  the  center  stretched  more  then  the  edges,  producing  a higher  prismatic 
power  in  the  visor  than  wss  acceptable;  but  with  a great  deal  of  effort,  the  techniques 
in  forming  of  the  visor  were  achieved  so  that  the  visor  could  be  formed  without  the 
introduction  of  the  additional  prismatic  power  so  that  now  this  la  not  a problem.  We 
do  have  instruments  for  measuring  the  optical  characteristics  of  the  visor,  and  that  is 
not  a problem. 

Have  you  had  any  reaction  from  aircrew  to  the  introduction  of  the  form-fit  helmet?  We 
have  only  had  the  experience  of  the  teat  pilots  who  objected  on  terms  of  comfort,  thermal 
comfort,  but  they  may  wear  their  hat  on  it. 

There  are  several  things  that  pilots  have  traditionally  complained  about  with  the  helmet — 
the  weight,  the  balance  of  the  helmet.  The  form-fit  helmet  has  been  used  in  the  fleet  and 
the  fighter  squadrons  which  hav°  VTAS.  The  pilots  liked  the  form-fit  helmet,  even  though 
it  is  hot — it  is  very  hot.  They  wear  little  cotton  knit  pieces  under  the  helmet  to  try 
to  cut  down  on  the  moisture  under  the  helmet  a little  bit,  but  they  Ilk?  the  form-fit 
helmet  very  much.  If  we  were  able  to  develop  a form-fit  air-condltlrned  helmet,  I am 
sure  they  would  like  that  too,  but  the  only  complaint  has  been  about  the  heat — that  the 
helmet  is  hot.  That  may  be  a bit  of  a biased  opinion  since  that  is  used  for  the  squadrons 
using  VTAS  und  the  fighter  pilots  like  the  VTAS  so  much  that  they  probaMy  would  tolerate 
more  than  same  of  the  pilots  who  are  not  using  VTAS  with  the  form-fit  helmet — it  probably 
would  give  more  discomfort  but  it  does  help  to  Increase  the  stability  of  the  helmet. 

There  are  still  problems,  1 am  sure,  based  on  some  of  the  comments  that  I have  heard 
from  Dr  Ewing  • he  other  day.  I am  sure  that  there  are  still  under  high  Cs  some  deforma- 
tion of  the  en,  gy  absorbing  liner  and  perhaps  the  stability  will  not  be  ideal,  but  it 
does  increase  ti  e stability  of  the  helmet. 

Do  you  Intend  to  allow  contact  lenses  combined  with  the  helmets?  I could  imagine  it  is 
very  interesting  and  very  necessary  for  pilots  to  use  the  same  visual  aids  they  usually 
use, 

I guess  there  is  t me  consideration  for  the  use  of  contact  lenses.  As  far  as  1 know  they 
are  not  in  use,  I suppose  that  the  soft  contact  lens  may  receive  more  acceptance,  but 
many  people  find  it  difficult  in  adjusting  to  contact  lenses,  so  that  I do  not  know 
whether  they  will  be  using  them  or  not.  Are  you  planning  to  talk  about  this,  Dr  Tredici? 

We  are  going  to  discuss  that  in  the  Round  Table,  and  it  probably  will  get  boring  once  the 
ophthalmologists  begin  a 1 1 a c k ing  the  contact  lens  problems;  but  right  now  in  the  military, 
the  US  Armed  Forces,  contact  lenses  are  only  used  ss  a last  resort  for  treating  medical 
conditions  and  we  have  not  utilized  them  as  replacements  for  spectacles. 
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SUMMARY 

Since  the  advent  of  nuclear  weaponry,  a requirement  has  existed  for  eye  protection  from 
weapon  effects  which  may  produce  permanent  retinal  burn  and  flashblindness. + (The  term 
"dazzle"  is  sometimes  used  to  mean  flashblindness;  however,  this  usage  is  not  preferred 
because  the  meaning  is  unclear.)  Present  protection  to  prevent  retinal  burns  and  flash- 
blindness is  limited  to  two  passive  devices:  Gold-plated  goggles  for  daylight  use  and 

an  opaque  eye  patch  worn  over  one  eye  during  night  use. 

Even  though  a nuclear  confrontation  is  unlikely,  the  U.  S.  Air  Force  has  a requirement 
to  protect  the  aircrew  against  temporary  flashblindness  and  permanent  retinal  burn 
effects  that  result  from  exposure  to  nuclear  detonations.  The  search  for  ouch  a fas  - 
operating  shutter  device  has  been  elusive  and  beyond  the  state  of  the  art.  Increase  . 
aircraft  weight,  field  of  view,  open  state  transmissivity,  cost,  and  aircraft  modifica- 
tion are  additional  constraints  that  have  slowed  the  solution  to  the  problem. 

A new  transparent  ferroelectric  ceramic  material,  lead  lanthanum  zirconate  titanate 
(PLZT) , has  enabled  the  development  of  large-aperture  electrooptic  shutters  in  goggle 
or  window-tvpe  formats  which  provide  sufficiently  rapid  decrease  in  transmitted  light 
intensity  to  prevent  flashblindness  and  permanent  retinal  burn  from  ultraviolet,  visible 
and  infrared  radiation  encountered  in  nuclear  explosions. 

PLZT  is  a spin-off  development  of  the  lead  zirconate  titanate  class  of  ceramic  materials 
utilized  in  a number  of  transducer  applications  by  Sandia  Laboratories,  Albuquerque, 

New  Mexico. 


* 

A thermal/f lash  protective  device  (TPPD)  is  one  which  will  protect  an  observer  from 
permanent  retinal  burns  (lesions)  and  temporary  visual  impairment,  or  flashblindness, 
which  would  otherwise  result  from  exposure  to  the  brilliant  flash  of  a nuclear  detona- 
tion. Flashblindness  protection  is  defined  by  the  U.  S.  Air  Force  to  be  achieved  if 
the  specified  visual  function  of  reading  flight  instruments  is  restored  within  10 
seconds  after  exposure  to  the  flash,  sufficient  thermai/fiash  protection  must  be  pro- 
vided by  the  TFPD  device  to  allow  the  aircrew  to  function  to  the  maximum  nuclear 
environment  that  the  aircraft  can  tolerate.  The  USAF  has  found  that  devices  which 
darken  to  \ luminous  density  pf  3 (0.1*  photopic  transmissivity)  within  150  micro- 
seconds of  flash  onset,  and  remain  in  the  protective  mode  throughout  the  threat  dura- 
tion, meet  the  TFPD  requirement. 


A.  INTRODUCTION 

Lead  zirconate-titanate  (PZT)  ceramic  materials  have  been  investigated  and  utilized  in 
nuclear  weapon  transducer  applications  by  Sandia  Laboratories  for  approximately  20  years. 
As  part  of  the  development  program  for  manufacturing  high-density  PZT  ceramic  bodies  of 
acceptable  mechanical  quality,  the  hot  pressing  procedure  was  widely  exploited.  Ceramic 
materials  prepared  by  hot  pressing  are  subjected  not  only  to  the  usual  high  firing 
temperatures,  but  also  to  high  pressure.  A disc  or  cylindrical  slug  is  the  typical 
configuration  in  vnich  the  PZT  ceramic  bodies  are  formed.  PZT  materials  used  in 
weapons  transducer  applications  are  usually  doped  with  other  elements  to  provide  certain 
desirable  electronic  properties.  While  investigating  some  of  these  doped  materials 
prepared  by  advanced  hot  pressing  methods  at  Sandia  Laboratories,  optical  translucence 
was  observed  by  G.  H.  Haertling.'  Exploring  further,  he  found  in  1970  that  optical 
transparency  could  be  achieved  by  substantial  additions  of  the  element  lanthanum. ^ 

The  optical  transparency  it  substantially  improved  by  using  chemical  coprecipitation 
techniques  in  the  batch  formulation  process  and  conducting  the  hot  pressing  operation 
with  the  slug  in  an  oxygen  atmosphere. 5 The  lanthanum-modified  PZT  materials  are 
designated  by  PLZT. 

Early  measurements  of  the  electrooptic  properties  of  these  materials  were  conducted 
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pr\<trily  by  C.  E.  Land.6  In  1971,  J.  T.  Cutchen  and  J.  0.  Harris  began  to  explore  PLZT 
material  characteristics  for  device  applications.  The  primary  emphasis  in  their  work 
waa  on  room-temperature  cubic-phase  materials,  typically  X/65/35  with  x£  9.  (Note,  In 
this  notation,  X is  the  atomic  percent  of  lanthanum  substituted  for  lead  in  a material 
containing  65*  lead  circonate  (PbZr03)  and  35*  lead  titanate  (PbTiC^).)  Early  work  by 
Cutchen  and  Harris  culminated  in  a USAEC  patent  (#3,737,211,  "Ferroelectric -Type  Optical 
Filter")  covering  electrooptic  variable-density  optical  filters,  light  control  devices 
and  shuttering  devices.  The  work  included  an  evaluation  of  the  device  in  a goggle  con- 
figuration for  thermal/flash  protection  for  industrial  and  military  applications.' 
Developments  in  this  and  related  areas  have  been  reported  by  Cutchen,  Harris,  and  G.  R. 
Laguna  in  later  publications.8*1'  The  exploratory  work  in  PLZT  thermal/flash  protective 
devices  (TFPD)  was  conducted  at  Sandia  Laboratories  using  USAEC  funds.  Subsequently, 
the  U.  S.  Army  Natick  Laboratories  and  the  USAF  Aerospace  Medical  Division  (AFSC/AMD) 
initiated  reimbursable  programs  with  Sandia  Laboratories.  The  primary  objective  of  the 
program  with  AFSC/AMD  was  to  produce  a scale-up  in  PLZT  manufacturing  procedures  so  that 
127mm  diameter  slugs  could  be  successfully  fabricated.  From  these  slugs,  76  x 102mm 
rectangular  wafers  were  procured  for  use  in  a prototype  four-segment  152  x 203mm  heat 
shield  window.  The  window  was  considered  for  mounting  directly  behind  the  windscreen  of 
selected  aircraft.  The  work  required  to  accomplish  this  engineering  materials  task  was 
significant,  and  was  primarily  accomplished  by  R.  H.  Dungan,  and  G.  S.  Snow,  also  of 
Sandia  Laboratories.  2 An  operational  152  x 203mm  window  prototype  using  four  of  the 
76  x 102mm  PLZT  segments  was  demonstrated  in  July  1974. 

The  devices,  accomplishments,  and  significance  of  these  PLZT  programs  were  evaluated  in 
1974  by  a special  AFSC  Flashblindness  Protection  Study  Team  chaired  by  the  Life  Support 
SPO  of  Aeronautical  Systems  Division.  The  team  also  evaluated  other  systems  which  were 
under  development  at  the  time.  As  a result  cf  the  team  recommendations,  the  Life  Sup- 
port SPO  initiated  a 24-month  reimbursable  program  with  the  United  States  Energy  Research 
and  Development  Administration  (USERDA)  to  establish  a lead  lanthanum  zirconate  titanate/ 
thermal  flashblindness  protective  devices  (PLZT/TFPD)  goggle  production  capability. 

USERDA  authorized  Sandia  Laboratories  to  proceed  on  this  program  in  February  1975. 

B.  PLZT/TFPD  Operation 

The  functional  schematic  of  the  PLZT/TFPD  is  shown  in  Fig.  1.  The  device  operates 
exactly  as  the  well-known  Kerr  cell.  The  electrooptic  wafer  is  sandwiched  between  two 
polarizers,  and  oriented  so  that  its  optic  axis  is  at  45°  to  the  polarizer  axes.  In  the 
closed-state  — or  "off"  — condition,  there  is  no  voltage  difference  between  the  elements 
of  the  interdigital  electrode  array  on  the  surface  of  the  ceramic  wafer.  Under  these 
conditions  the  wafer  is  optically  isotropic  and  does  not  affect  the  light  which  passes 
through  it.  The  light  is  consequently  blocked  by  the  polarizer  pair,  as  shown  in  Fig.  1A. 
In  the  open-state  — or  "on"  — condition,  a voltage  difference  is  applied  to  the 
electrodes  to  create  birefringence  in  the  wafer,  in  this  case  the  wafer  becomes  optically 
anisotropic,  and  retards  a component  of  the  polarized  light.  As  a result,  the  light 
leaves  the  wafer  in  a state  of  elliptical  polarization,  which  enables  some  transmission 
by  the  second  polarizer.  When  the  correct  voltage  is  applied,  the  wafer  acts  as  a broad- 
band half-wave  plate,  and  the  light  which  leaves  the  wafer  is  linearly  polarized  but 
rotated  by  90°.  This  is  the  maximum-transmissivity  condition  for  the  assembly,  and  is 
Bhown  in  Fig.  IB.  The  level  of  transmissivity  may  be  continuously  varied  between  the  two 
extremes  represented  in  Fig.  1 by  controlling  the  amount  of  applied  voltage,  creating  an 
electrically  controlled  variable  density  optical  filter.  A substraction-color  filter  can 
be  generated  by  using  the  device  with  a white-light  source  at  voltages  higher  than  the 
broadband  half-wave  voltage. 

For  the  TFPD  application,  the  device  is  typically  operated  in  the  fully-open  state  until 
a light  threat  is  detected  by  suitable  sensors  in  the  control  circuit.  When  this  occurs, 
the  PLZT  wafers  are  rapidly  discharged  by  a silicon-controlled  rectifier  (SCR) , and  the 
goggles  revert  to  the  closed  state.  When  the  threat  is  removed,  the  wafers  are  re- 
energized and  the  open  state  is  recovered.  In  practice,  the  hazardous  light  threat  may 
decay  very  gradually.  In  this  case,  the  wafer  can  be  recharged  in  a gradual  fashion  to 
maintain  a continuous  safe  level  of  light  transmission  through  the  lenses.  Since  the 
linear  polarizers  are  only  effective  in  the  visibl  ••  fcrum,  additional  absorption  filters 
are  required  to  block  infrared  (IR)  radiation.  Tyi x.  . IR  absorption  filters  are  KG-1  and 
KG- 3 glass.  The  ultraviolet  radiation  is  blocked  by  noth  the  polarizers  and  the  PLZT 
material. 

C.  The  USAF  Program 

The  purpose  of  the  endeavor  is  to  support  a research  and  development  program  to  develop 
prototype  PLZT  thermal/flash  window  segment  protective  devices  and  to  establish 
a production  capability  for  PLZT  thermal/flash  protective  goggle  devices.  Device 
emphasis  in  RSD  is  70*  for  a helmet-mountea  goggle,  20*  for  a headset  (nonhelmet) 
version,  and  10*  for  a mosaic  window  device.  Production  emphasis  is  to  be  100*  on  the 
helmet-mounted  goggle,  A headset  version  will  be  phased  into  production  later.  Two 
variants  in  goggle  design  are  undergoing  evaluation.  In  one  case,  a four-lens  approach 
is  being  considered  (2  large  front  lenses  with  2 side  windows,  all  active) . For  the 
other,  a unit  with  only  two  circular  front  lenses  is  being  considered.  The  design  goal 
is  that  the  entire  goggle  assembly  and  self-contained  electronic  controller  not  exceed 
1 pound  (454  grams)  in  weight. 
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A) . SCHEMATIC  Of  SINGLE-STAGE  DEVICE 
"Off"  CONDITION 


ELECTRIC  VECTOR  Of  ENTERING 


B).  SCHEMATIC  Of  SINGLE-STAGE  DEVICE 
‘ON11  CONDITION 


ELECTRIC  VECTOR  OF  ENTERING 


Fig.  1.  Schematic  operation  of  the  PLZT  single-stage  device  in 
(a)  the  closed  state  and  (b)  the  fully-open  state. 


Operational  goals  of  the  device  are:  (1)  Operating  temperature  range  is  55  ± 45°F 
(13  ± 25°C) ; (2)  Ultimate  luminous  density  in  the  protection  mode  at  least  7.0  over  the 
entire  operating  temperature  range;  (3)  The  luminous  density  of  3 must  be  achieved 
within  150  microseconds  after  flash  onset  for  the  upper  temperature  range  of  55°  to 
100°F  (13°  to  38°C). 

The  electronic  controller  for  the  PL7f/TF?D  goggle  will  be  manufactured  using  hybrid 
microcircuit  techniques  in  orde*-  to  minimize  weight  and  allow  packaging  within  the 
goggle  frame.  The  unit  will  ’je  powered  by  a battery  pack  and/or  28  VDC  from  the  aircraft. 
It  will  be  designed  to  take  advantage  of  the  light-control  capabilities  of  PLZT  lenses; 
l.e.,  to  permit  transmissTc.i  of  any  level  of  light  between  the  fully-closed  (maximum 
opacity)  and  fully-open  state.  Consequently/  the  electronic  controller  will  possess 
the  following  features: 

1 . Manual  control  and  override  of  the  maximum  possible  voltage  output 
to  PLZT  element.  This  feature  will  allow  the  maximum  permitted 
open-state  transmissivity. 

2.  Automatic  servo  and  tracking  of  the  light  transmitted  through  the 
lenses.  The  light  throughput  will  be  continuously  monitored  behind 
the  lenses.  If  the  throughput  exceeds  a pre-set  value  the  servo 
system  will  automatically  decrease  the  voltage  at  the  PLZT  element 
to  restore  the  pre-set  transmissivity  level  — and  vice  versa. 
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3.  When  the  behind-the-lens  monitor  detects  *n  increase  in  light 
intensity  which  exceeds  the  pre-set  tolerable  limit  and  rises  faster 
than  the  servo  can  control,  the  protection  mode  will  be  triggered. 

Under  these  conditions,  the  lenses  close  to  maximum  opacity 

4.  In  the  protected  state  the  servo  will  control  the  re-opening  of 
the  lenses.  That  is  after  the  lenses  have  reached  maximum  opacity 
and  the  external  light  has  begun  to  diminish,  the  lenses  will  be 
re-opened  in  a controlled  manner  so  as  to  maintain  the  transmissivity 
at  the  pre-set  level.  Under  these  conditions,  the  wearer  will  be 
continuously  provided  an  external  vision  capability. 

The  front  and  rear  polarizing  elements  in  the  PLZT  lens  assembly  control  both  the 
opacity  and  the  maximum  possible  open-state  transmission.  An  optimized  lens  assembly 
which  uses  presently-available  sheet  polarizers  (Polaroid  Type  HN-32)  has  an 
ultimate  luminous  density  of  about  4.3  (0.005%  transmission)  in  the  closed  state, 
and  an  open-state  photopic  transmission  of  about  3.9*  (with  KG-3  filters) . Obviously, 
if  transmissivity  gains  are  to  be  realized  in  the  open  state  the  polarizer  capabilities 
must  be  improved.  With  ideal  polarizers  and  no  other  losses  in  a system,  the 
maximum  open-state  transmissivity  of  a lens  would  be  50*.  It  appears  that  some 
gains  can  indeed  be  realized,  and  one  goal  of  the  development  effort  is  to  procure 
more  efficient  polarizers  from  Polaroid  Corporation. 

The  following  helmet-mounted  goggle  prototypes  have  been  or  will  be  delivered: 


Group 

Delivery  Date 

Quantity 

Comments 

I 

November  1975 

8 

Passive  units  - DT5E* 

II 

March  1977 

25 

Active  units  and  battery  packs  - IOTSE** 

III 

June  1977 

30 

Active  units  and  battery  packs  - OTSE»*f 

IV 

September  1977 

25 

Preproduction  units 

♦Development  Test  and  Evaluation 
♦♦Initial  Operation  and  Test  and  Evaluation 
♦♦♦Operational  Test  and  Evaluation 


Production  delivery  is  scheduled  to  begin  in  October  1977  at  165  - 200  units  per  month 

to  continue  until  approximately  6100  goggles  are  manufactured  for  the  U.  S.  Air  Fcrcm. 
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What  is  the  unit  coat? 

The  projected  cost  In  FY  76  dollars  for  this  four-window  aodel  with  the  power  supply  is 
estimated  to  be  about  $1250  per  copy.  Since  we  will  be  in  production  in  FY  78  we  have 
assumed  possibly  a 10S  per  year  inflation  rate — we  hope  it  is  less  than  that — but  that 
would  sake  the  FY  78  cost  when  we  go  into  production  right  at  $1500  per  copy. 

Two  questions— what  thermal  load  would  the  polar iter  stand?  And  the  second  question,  have 
you  tried  any  acre  objective  testa  of  people  scoring  themselves? 

To  the  first  question — the  polarlsere  if  they  era  glass  lsaineted  will  take  Just  in  excess 
of  40  calories  per  sq.  cm.  We  also  tested  plastic  polarleers  and  they  will  go  about  9 
calories  per  sq,  cm.  So,  of  course,  we  will  be  using  the  glass  laminated  polarlsere  which 
we  have  in  this  device,  I might  also  mention  that  it  does  Increase  the  weight  and  obviously 
that  la  a vary  Important  conalderation,  This  first  prototype  weighs  about  410  grams — that 
Includes  the  KG3  and  the  glass  laminated  polarleers,  so  we  do  plan  on  keeping  this  under  one 
pound  or  under  450  grama, 

1 will  take  care  of  the  operational  teats.  In  the  90  some  units  that  we  will  be  getting  that 
are  operational  units.  Dr  Brennan,  in  those  extensive  OT&E  (Operational  Teat  and  Evaluation) 
those  will  be  subjective  and  objective  tests — the  full  range  of  qualifying  type  tests,  and, 
of  course,  we  would  make  that  information  available  in  our  exchange  program  to  you  when  it 
becomes  available. 

Did  you  mean  laboratory  atereopsls  visual  acuities? 

I was  slightly  concerned  that  people  are  scoring  themselves — I would  be  more  Interested  in 
somebody  scoring  them. 

Yea,  as  they  perform. 

That  is  correct,  yes, 

The  one  advantage  of  having  people  to  score  themselves  is  that  I have  found  out  that  most 
pilots,  if  they  cannot  fly  with  it,  they  will  fall  it  or  if  they  don't  like  it,  they  will 
fall  it.  That  is  a risky  one  also,  so  we  have  been  very  pleased  with  the  acceptability  of 
the  crew  membera  in  the  operational  wings,  and  in  case  that  point  was  not  made,  these  were 
operational  crew  members  in  the  operational  wing,  and  these  were  normal  training  flights. 

We  Just  simply  piggybacked  on  to  their  normal  flight  schedule.  There  was  no  flight 
scheduled  Just  for  our  test  purposes,  strictly  the  normal  routine  flying  of  the  operational 
wing, 

I have  a question,  still  on  that  line.  There  is  only  one  aberrant  square  up  there  and  that 
is  the  135  tanker  pilot  who  had  nearly  5,  and  all  the  rest  are  down  to  about  2's  and  3's. 

Was  there  anything  peculiar  about  that  group? 

Yes,  the  thing  that  caused  that  one  score  to  drop  to  about  a 5— that  was  a first  lieutenant 
pilot,  a 135  on  his  solo  aircraft  conander’s  ride,  with  a brand  new  copilot,  2nd  Lt,  and  a 
brand  new  navigator,  2nd  Lt,  that  landed  in  the  fog,  in  the  dark,  strictly  on  instruments. 

He  rated  it  a 6 so  that  pulled  lt  down  to  that  4, 

What  is  the  overall  thickness  of  the  elements,  of  the  system? 

The  ceramic  Itself  is  about  ,015  of  an  inch  thick  or  .38  mm.  The  glass  laminated  polarizers, 
the  KG3  glass,  is  2 me,  thick,  and  we  plan  to  laminate  the  first  polarizer  to  the  KG3  glass, 
if  the  loading  levels  are  not  too  hlgh~that  is  what  we  will  do;  otherwise,  the  glass 
laminated  polarizers  will  be  approximately  ,040  thick  each.  You  will  have  a sheet  of  glass, 
then  the  polarizer  in  the  ceramics  and  the  polarizer  in  the  glass — there  will  be  only  two 
pieces  of  glass. 

Will  there  be  any  alteration  in  the  color  vision  and  a possible  disturbance  of  the  depth 
perception  in  the  normal  open  state  of  these  protective  goggles? 


HARRIS; 


PFOFF: 


STONE; 


HARRIS: 


STONE: 

HARRIS: 

STONE: 


HARRIS: 


We  have  not  no  dead  any  problaas,  If  you  remember,  tha  flrat  viewgraph  which  we  showed 
you  say  tha  flat  spectral  response  throughout  tha  visible  portion.  If  you  look  at  tha 
car sale  in  the  slug  fora  before  It  la  sliced  It  does  have  a alight  yellow  tinge;  however, 
when  you  polish  tha  wafer  you  cannot  see  tha  color.  I have  aoae  asaplea  here  that  I can 
show  you.  We  have  not  had  any  reports  on  probleaa  with  depth  perception.  We  also  did 
build  one  of  thaee  to  be  used  in  protecting  Vldicon  tubes,  and  one  Navy  group  did  run  aoae 
teats  on  changes  In  the  nuaber  of  line  pairs  per  mllllaster  that  they  could  distinguish 
and  they  saw  essentially  no  change  In  the  center  of  the  ceraalce  to  the  outer  edge.  We 
also  had  aoae  questions  initially  asked  about  tha  grid  lines  farther  from  the  pilot  or  the 
viewer,  and,  of  course,  that  has  not  been  the  case  if  they  arc  nut  In  the  focal  plane. 

I could  go  a little  further  on  that  one — In  reference  to  the  flight  test  if  it  did  anything 
to  the  colors  as  far  as  flight  Instrumentation  or  anything  of  that  nature.  It  did  not  have 
any  effect.  We  did  notice  some  slight  affects  in  some  of  the  older  B-52  windscreens  that 
had  soae  slight  nsrrlng  or  scratching  or  chipping.  You  could  get  some  slight  scattering,  but 
*:hat  could  be  looked  around,  and  we  can  work  with  it.  It  la  not  perfect  but  it  Is  workable. 

Not  being  an  ophthalmologist , I us  very  curious  about  what  sort  of  resonance  frequency 
your  PLZT  has?  In  tha  radial  node. 

I believe  that  it  Is  about  In  the  vicinity  of  30  to  50  kilocycles.  It  is  compositional 
dependent — It  does  depend  on  the  lanthanum  and  as  to  how  we  mount  it,  as  to  what  damping 
you  do  hava.  You  noticed  on  the  vlevgraph  where  we  had  the  rapid  oscillations.  I think 
It  la  about  35  kilocycles. 

What  about  the  axial  mode  resonance  of  that  material? 

I do  not  know. 

The  reason  I ask,  I think  you  quoted  a figure  of  125  nicroamps  of  current  to  supply 
and  It  is  roughly  a thousand  volts , That  Is  a power  output  that  could  be  up  around 
1 to  10  milliwatts.  It  depends  on  the  wavelength — that  la  a pretty  good  power  output. 

We  have  not  noticed  any  problems  in  that  regard.  We  should  mention  with  regards  to 
power  that  although  we  are  operating  In  voltages  between  500  and  1200  volts,  the  ceramic 
has  a higher  leakage  resistance  so  the  leakage  current  Is  extremely  small  so  that  we  are 
dealing  with  very  small  currents  generally  with  regards  to  safety. 
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USAF  AVIATOR  GLASSES  - HGU-4/F 
(HISTORY  AND  PRESENT  STATE  OF  DEVELOPMENT) 

Thames  J.  Tredlci,  Colonel,  USAF,  MC 
USAF  School  of  Aerospace  Medicine 
Aerospace  Nodical  Divlalon  (AFSC) 
Brooks  Air  Forea  Baaa,  Texas  76235 


StMtAKY 

For  whatever  reason*,  ona  of  tha  noat  sought-after  Items  of  US  Air  Forca  laaua  la  tha  aviator  goggla 
HCU-4/P.  Bosldaa  thla  allure,  It  haa  an  Important  fundamental  rola — that  of  anhanclng  and  protactlng 
tha  vlalon  of  US  Air  Forca  aviator*.  The  hlatorical  development  of  thla  model  spectacle  f raaa  and  lanaaa 
is  Interesting  In  Itself,  The  apactrua  of  preasntly  available  lenses  vlll  ba  ravlavad.  Studies  dona  at 
tha  USAF  School  of  Aerospace  Medicine  to  improve  the  product  will  be  detailed— In  particular,  tha  lapact 
tasts,  both  drop  bell  and  ballistic,  of  glaas  (haat  treated  and  chaalcel  Ion  exchange)  and  plastic  (CR-39 
and  polycarbonate) . The  practical  testa  of  plastic  varaua  glaas  lenses  used  in  the  field  will  be  re- 
viewed. The  serendipitous  observation  of  noting  that  all  plastic  lenses  Inserted  In  the  avletor  fraae 
warped  led  tc  the  present  Issuance  of  only  glass  lenses  for  aviator  duties.  The  culmination  of  this 
research  has  resulted  in  the  presently  available  product,  ona  that  la  felt  to  be  tha  best  that  the  state- 
of-the-art  can  presently  produce. 


INTRODUCTION 

Most  of  the  Information  necessary  to  accomplish  the  flying  task  is  gathered  by  the  visual  sens*. 

US  Air  Force  flyers  are  selected  with  good  visual  capabilities.  It  Is  Important  to  maintain  their  vision 
at  peak  efficiency.  A thorough  eye  examination  and  visual  standards  screen  out  moat  ocular  pathology  and 
visual  problems  felt  to  be  Incompatible  with  flying  (1).  However,  the  refractive  status  of  the  eye  may 
change  aa  one  matures.  Presbyopia  Is  Inevitable.  Acquired  Infection*  and  unrecognlxad  genetic  factors 
all  take  their  toll  on  the  visual  apparatus . Ocular  trauma  and  the  effects  of  electromagnetic  energy  on 
the  eye  are  of  more  lasedlate  concern.  Aviator  spectacles  are  most  helpful  to  manage  these  latter  two 
conditions  as  well  as  for  the  correction  of  refractive  errors. 

Spectacles  and  goggles  have  been  used  by  the  aviator  to  protect  against  wind,  fire,  foreign  parti- 
cles, glare,  excessive  electromagnetic  energy,  and  for  the  correction  of  refractive  errors  and  presbyopia. 
Crown  glees  and  various  plastic  materials  can  protect  and  enhance  vision  (2) . Improvements  In  these 
material*,  such  as  heat  or  chemical  treatment  of  spectacle  lenses,  thus  making  them  Impact  resistant, 
and  the  uae  of  CR-39  and  Lexan  plastics  have  advanced  the  state-of-the-art.  The  substitution  of  filters 
for  clear  glass  and  plastic  protects  against  abiotic  electromagnetic  energy  and  glare. 

I Sunlight  falling  on  the  earth  Is  composed  of  582  Infrared  energy  (700-2100  nanometers  (nm)),  401 

la  in  the  visible  part  of  the  spectrum  (400-700  nm) , and  only  22  in  the  ultraviolet  (290-400  nm)  (3) . 

At  high  altitudes,  ultraviolet  may  reach  as  high  as  52  or  62,  and  In  space,  ultraviolet  comprises  102 
[ of  the  solar  energy  spectrum  (4) . 

Contributing  directly  to  the  probles  of  glare  Is  the  Intensity  of  solar  radiation  on  earth.  On  a 
clear,  cloudless  day  with  the  sun  at  its  zenith,  the  illuminance  Is  10,000  ft.  candles  (108,000  lux);  at 
10,000  ft. (3050  meters)  altitude.  It  Is  12,000  ft,  candles  (129,600  lux),  and  In  apace  and  on  the  moon 
the  illuminance  is  13,600  ft.  candles  (146,880  lux)  (5).  Fortunately  for  man,  the  earth's  atmosphere 
attenuates  the  visible  Infrared  end  ultraviolet  parts  of  the  spectrum.  At  ground  level  glare  Is  only  a 
problem  on  clear  days,  but  for  the  avletor  it  Is  ever  present  above  the  clouda.  Water  vapor  abeorbs 
considerable  amount*  of  the  Infrared  energy.  Ultraviolet  Is  largely  absorbed  by  ozone  and  molecular 
oxygen  so  that  practically  all  the  ultraviolet  radiation  shorter  thsn  295  nm  is  absorbed  by  the  esrth's 
atmosphere  (4). 

Light  energy  above  a certain  threshold  will  adversely  affect  various  oculsr  tissues.  Ultraviolet 
energy  between  295  nm  and  315  nm  is  absorbed  by  the  cornea  and  conjunctiva,  producing  photokeratltl*. 
Ultraviolet  radiation  effect*  are  additive  for  24  hours.  Recovery  from  keratoconjunctivitis  Is  usually 
complete  In  24  hours.  The  tremendous  amount  of  ultraviolet  energy  present  outside  the  earth's  atmosphere 
would  be  a most  Important  factor  In  extravehicular  and  moon  operations.  With  no  filter  protection  (1002 
transmission),  a threshold  dose  producing  keratoconjunctivitis  would  be  acquired  in  outer  space  In  three 
seconds  (4) . The  visible  and  near  infrared  energy  when  absorbed  In  sufficient  quantitlee  by  the  retinal 
[ pigment  epithelium  will  cause  a chorioretinal  burn.  This  may  occur  while  looking  at  the  sun  during  an 

■ eclipse  or  viewing  a nuclear  detonation.  Further,  Infrared  energy  is  absorbed  by  the  lens.  If  this 

r occurs,  over  a long  period  of  time,  a cataract  may  be  produced.  Finally,  microwave  (radar)  energy  of 

; sufficient  Intensity  has  produced  cataracts  in  experimental  animal*  (3). 

The  Ideal  avletor  spectacle  then  should: 

a)  correct  refractive  error  and  presbyopic, 

b)  protect  against  physical  energy — wind,  fire,  and  foreign  objects, 

c)  reduce  the  light  intensity  (glare) , 

d)  transmit  all  the  visible  energy  but  attenuate  the  ultraviolet  and  Infrared, 

e)  not  distort  colors, 

f)  not  Interfere  with  stereopels  (depth  perception) , 

g)  be  compatible  with  headgear  and  flying  equipment,  and 

h)  be  rugged.  Inexpensive  and  need  minimum  cere. 
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HISTORY  AND  BACKGROUND 

During  World  War  II  Cha  A nay  Air  Corpa  uaed  what  waa  known  aa  tha  B-8  goggle.  It  waa  rubber-framed 
and  held  In  placa  by  an  alastic  band,  A aerlea  of  plaatic  inserts  of  various  absorptive  properties  were 
used  (6),  Sunglasses  for  glare  protection  had  green  lenses  with  a transmission  of  52X  In  the  visible 
spectrum,  not  sufficiently  dense  for  the  purpose  intended.  These  lenses  were  therefore  replaced  by 
rose-smoke  lenses  which  were  an  improvement  (7),  The  rose-smoke  lenses  reduced  the  daylight  transmission 
to  15%  and  limited  erytheoal  ultraviolet  radiation  to  1%,  with  transmission  of  the  infrared  limited  to 
lass  than  15%.  In  1949,  Rose  and  Schmidt  (8)  studied  the  effects  of  ophthalmic  filters  on  color  vision, 
Their  work  showed  that  the  neutral  lenses  caused  no  Increase  in  color  errors  whereas  lenses  deviating 
from  neutrality  caused  errors  according  to  the  amount  of  deviation.  The  transmission  of  the  neutral 
(N-15)  lens  in  the  near  infrared  and  ultraviolet  waa  well  below  the  threshold  of  ocular  pathology.  Pilot 
acceptance  tests  comparing  the  rose-sraoke  with  the  neutral  sunglasses  were  conducted.  These  tests  showed 
a decided  preference  by  the  pilots  for  the  neutral  lenses. 

At  first,  frames  for  the  lenses  were  whatever  was  coaraereially  available.  In  1952,  the  F-2  and  G-2 
sunglasses  were  standardized:  Specification  MIL-G-6250B,  The  F-2  sunglasses  had  a plastic  frame  and  15% 

transmitting  neutral  lenses  designed  primarily  for  Arctic  wear.  The  G-2  sunglasses  had  a metal  frame  with 
similar  lenses  designed  for  wear  in  all  other  regions  (6).  (See  Figure  1.) 


Figure  1.  G-2  Aviator  Sunglasses  Figure  2.  HGU-4/P  Aviator  Sunglasses 


Certain  features  of  the  F-2  and  G-2  sunglasses  were  found  to  be  unsatisfactory.  The  lenses  were 
large  (59  mm)  and  heavy  (40  Gm) . On  long  missions  the  weight  of  the  glass  and  pressure  on  the  nose 
caured  discomfort.  The  cable  temples  had  to  be  individually  and  correctly  fitted,  other  poor  features 
were  the  difficulties  encountered  in  removing  or  donning  the  frames  while  wearing  a helmet  or  headset 
and  the  inability  to  integrate  with  the  oxygen  mask.  The  G-2  metal  frame  at  times  tarnished  when  in 
contact  with  the  skin.  Optical  problems  revolved  around  the  overly  large  sized  lens  blanks  needed  to 
properly  center  the  finished  lenses.  Secondly,  there  was  the  variability  in  density  of  the  sunglass 
lenses  aa  the  power  of  the  prescription  increased. 

Because  of  the  dissatisfaction  with  the  F-2  and  C-2  frames  and  lenses,  a search  for  an  improved 
design  was  initiated.  In  1956,  a meeting  was  held  at  the  Aeromedical  Laboratory,  at  Wright-Patterson 
Air  Force  Base,  Ohio.  Besides  the  problems  discussed  above,  other  items  were  addressed.  Among  these 
were  possible  relaxation  of  the  ultraviolet  transmission  requirements,  the  possible  use  of  plastic 
lenses  or  the  feasibility  of  case-hardening  the  glass  lenses.  As  a result  of  this  conference,  a sun- 
glass frame  designed  by  the  American  Optical  Company  was  selected  for  service  testing  (6). 

The  original  design  was  altered  and  improved  as  a result  of  this  service  testing.  Finally,  on 
13  November  1957,  MIL-G-25948  replaced  MIL-G-6250B  for  Air  Force  procurement,  and  the  new  sunglasses 
were  given  the  nomenclature  HGU-4/P  (6).  (See  Figure  2.)  Except  for  changes  in  the  lens  materials, 
this  design  concept  has  remained  unchanged  to  the  present  day.  The  HGU-4/P  solved  most  of  the  problems 
that  had  made  the  F-2  and  G-2  spectacles  unsatisfactory.  The  weight  is  reduced  by  nearly  25%j  they  are 
much  more  comfortable  to  wear;  and  the  spatula  temple  allows  rapid  and  easy  donning  and  removing,  even 
while  wearing  headgear  or  earphones.  The  one-tenth  12K  gold-filled  frames  have  reduced  the  number  of 
dermal  reactions  noted.  Integration  problems  with  the  oxygen  mask  and  visor  have  been  greedy  reduced. 
Adjustable  nosepads  and  straight  spatula  temples  have  almost  eliminated  adjustment  problems,  Finally, 
the  right,  and  left  temples  are  lnterchangeagle  and  the  same-size  screw  is  used  throughout  the  frame, 
greatly  reducing  the  number  of  items  to  be  stocked, 

NEW  DEVELOPMENTS 

The  HGU-4/P  frame  and  lenses  have  remained  relatively  unchanged  since  1958.  The  wisdom  of  not 
tinkering  too  much  with  a good  design  has  been  proved  since  there  have  been  relatively  few  complaints 
concerning  these  spectacles.  In  this  time  span  they  have  even  been  used  in  space  and  moon  exploration. 

The  original  and  continuing  specification  called  for  unhardened  glass  lenses  to  be  used.  This  decision 
was  largely  based  on  the  work  of  Rose  and  Stewart  (9).  In  1957,  they  reported  that  ballistic  uissiles 
of  small  size  (1  on)  traveling  at  high  speed  fractured  hardened  glass  lenses  more  easily  than  unhardened 
glass.  In  the  late  1960's  the  US  Food  and  Drug  Administration  and  the  National  Society  for  the  Prevention 
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of  Blindness  bagsn  investigating  the  fallibility  of  having  all  spectacles  ueed  In  the  United  Stataa  ba 
made  impact  raalatant.  Thia  culminated  in  a 1972  Food  and  Drug  Adnlnlatratlon  regulation  making  it  man- 
datory to  uaa  only  Impact  resit  cant  or  plaatlc  lense*  in  all  apectaclaa  aold  and  uaad  In  tha  United 
Stataa  (10).  Anticipating  thla  ruling)  the  ataff  of  the  Ophthalmology  Branch  at  the  USAF  School  of 
Aaroapace  Medicine  carried  out  a replacement  and  durability  atudy  of  glaaa  veraua  plaatlc  lenaea.  Thla 
atudy  evaluated  tha  replacement  rate  of  glaaa  and  plaatlc  (CR-39)  leneea  and  compared  tha  durability  of 
glaaa  and  plaatlc  lanaea  in  the  Air  Force  environment.  One  thousand  palra  of  apectaclea  having  one  glaae 
and  one  plastic  lane  were  dispensed  to  military  personnel  at  four  Air  Force  bases  of  t.ifferent  climates, 
Replacement  of  plaatlc  or  glaaa  lanaas  vaa  made  on  tha  bails  of  subject  response  during  Inspection  visits. 
Comparative  durability  was  aasassad  on  tha  basis  of  haseoeter  readings  and  visual  inspection.  A signif- 
icantly higher  plastic  lens  replacement  rata  was  found  (3.6  to  1)  (11).  Perhaps  even  more  significant 
was  a serendipitous  finding  that  all  of  the  plastic  leneea  warped.  These  lenaee  had  been  Inserted  in 
both  natal  and  plastic  frames.  The  lensometar  did  not  discern  thla  alteration  but  the  Geneva  bans 
Measure  did,  registering  an  equal  change  In  both  convex  and  concave  surfaces,  thus  leaving  the  lens 
power  unchanged.  This  warpage  would,  however,  have  to  be  considered  slgrlficant  In  lenses  with  corrected 
curves  and  might  alao  effect  spatial  perception,  especially  in  an  aviator  (12). 

To  seek  improved  lens  materials  for  the  aviator  spectacle,  further  testing  was  done.  Ballistic  im- 
pact testing  of  scratched  and  unacratched  ophthalmic  lenaee  was  done  by  Ophthalmology  Branch  personnel. 
This  work  was  reported  in  the  American  Journal  of  Optometry  and  Physiologic  Optics  In  May  1974  (13) . 

The  impact  performance  of  piano  end  prescription  ophthalmic  lenses  was  determined  by  the  ballistic  tech- 
nique. The  720  test  lenses  included  nontreatad,  heat-treated,  and  chemical-treated  glasees  es  well  as 
plastic  (CR-39)  lenses.  Half  of  the  test  lenses  in  each  category  were  abraded  on  the  front  surface  prior 
to  Impacting  with  a 4.76  on  (3/16  in.)  spherical  steel  projectile.  The  lenses  were  mounted  In  a metal 
frame  and  positioned  on  an  anthropomorphic  head  during  testing.  Results  shewed  the  plastic  lenses  to 
have  the  greatest  impact  resistance  while  nontreated  glaaa  lenses  have  the  leest.  Heat-treated  er.d 
chemical-treated  glaaa  leneee  rank  second  or  third  anl  have  similar  impact  performance  characteristics. 

All  four  types  of  lenses  were  found  to  lose  Impact  strength  after  being  scratched  on  the  front  surface. 
(See  Figure  3.) 


Figure  3.  Mean  break  velocity  using  the  single  Impact 

method.  Each  symbol  represents  the  mean  braak 
velocity  required  to  fracture  30  lenses. 

The  reeult  of  the  above -rep or ted  research  le  reflected  In  the  present  issuance  of  heat-treated  or 
chemical-treated  glass  lenses  only  in  the  US  Air  Force  aviator  spectacles.  However,  frase  modifications 
are  being  considered  and  the  ideal  lens  continues  to  be  sought.  A coated,  plastic  lens  with  better 
resistance  to  warpage  might  be  the  ideal  replacement  for  the  present  heat-treated  glass  lens. 

Aviator  spectacles  HGU-4/P,  therefore,  are  presently  available  with  clear,  heat-treated  glass  lenses 
In  single  vision,  bifocal,  and  trifocal  configurations  for  the  correction  of  refractive  errors  and  pres- 
byopia. These  lenses  transmit  922  in  the  visible  spectrum.  (See  Figure  4.)  They  are  also  available 
with  a clear  coating  of  magnesium  fluoride  (MgF)  to  reduce  multiple  images  (ghost  images) . These  leneea 
transmit  962  of  the  visible  spectrum.  Corrections  up  to  ±5.50  diopters  are  available.  The  sunglasses 
are  neutral  152  (N-15)  transmission  gray  up  to  ±1.50  diopters  of  hyperopia  or  -2.75  diopters  of  myopia. 
Beyond  this  range,  up  to  ±5.50  dioptera,  clear  glass  lenses  coated  with  a 152  gray  tint  are  substituted. 
(See  Figure  5.)  A recently  added  option  is  the  substitution  of  312  (N-31)  neutral  transmitting  glass  if 
the  correction  is  greater  than  ±1.50  or  -2.75  diopters  but  not  greater  than  4-4.00  or  -5,50  diopters. 

The  neutral  density  lenses  should  not  transmit  more  then  152  of  the  infrared,  0.22  of  the  erythemal 
ultraviolet,  and  a minimum  of  122  to  a maximum  of  102  of  the  visible  energy.  The  frames  are  made  of 
1/10  12K  gold-filled  over  a bane  of  142  to  162  nickel-allver . 
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Figure  4.  Transmission  Curve  of  Clear  Lenses  Figure  5.  Transmission  Curve  of  N-1S  Lenses 

Further,  all  lenses  must  withstand  the  drop  ball  test  for  Impact  resistance  (14),  A 5/8-inch  diam- 
eter steel  ball  Is  dropped  on  the  lens  from  a 50-inch  distance.  The  lens  must  withstand  the  Impact 
energy  and  not  crack,  chip,  or  fracture  to  be  accepted.  These  lenses  have  been  "hardened"  by  heating 
to  a temperature  of  1180°F  and  then  quenched  with  a jet  of  cold  air.  This  strengthens  the  glass  by 
compressing  Its  surface.  The  newer  Ion  exchange  method  of  "hardening"  glasB  Is  slower,  taking  many 
hours.  The  finished  lenses  are  placed  on  a hot  molten  salt  bath  of  KNO^  at  660°F  to  920°F.  The  large 
monovalent  Ions  of  potassium  are  exchanged  for  the  smaller  monovalent  ions  of  Bodlum.  This  exchange  of 
larger  for  smaller  Ions  causes  an  Increased  surface  compression  similar  to  but  better  controlled  than 
the  heat  process  (15). 

FUTURE  CONSIDERATIONS 

The  aviator  spectacle  HGU/4-P  remains  unchanged  after  nearly  two  decades  of  satisfactory  service. 
However,  changes  In  the  mission,  availability  of  materials,  and  new  technological  developments  herald 
possible  future  changes  In  both  the  frame  and  lenses.  The  marked  Increased  cost  of  gold  will  neces- 
sitate an  evaluation  of  other  materials  that  might  possibly  be  used  for  the  frame,  such  as  rhodium, 
steel,  aluminum,  plastic,  etc.  The  plastic  polycarbonate  (Lexan)  should  be  examined  for  lens  use. 

This  material  was  used  for  the  APOLLO  space  helmet  and  visors,  and  is  presently  used  by  the  US  Air  Force 
In  aircraft  windscreens  (1C).  It  Is  several  orders  of  magnitude  more  resistant  to  breakage  and  penetra- 
tion than  any  lens  material  presently  available.  Its  largest  disadvantage  la  poor  scratch-resistance 
and  the  present  nonavailability  of  prescription  lenses.  The  new  photochromlc  (light  valve)  lenses, 
when  further  imprr,ed,  may  allow  a single  lens  to  serve  as  both  clear  lens  and  sunglass.  The  present 
photochromlc  lenses  (Sunsensor)  do  not  satisfy  those  criteria  as  yet,  being  either  too  dark  In  the  clear 
state  or  not  dark  enough  In  their  darkest  state.  (See  Figure  6.)  A special  trifocal  design,  exclusively 
for  the  aviator,  Is  in  its  final  testing  stage  at  the  USAF  School  of  Aerospace  Medicine.  Finally,  not 
mentioned  to  this  point  but  obviously  of  significance,  is  that  further  advancements  In  contact  lane 
fitting,  materials,  and  technology  could  reduce  markedly  the  future  need  for  aviator  spectacles  of  any 
kind. 


TRANSMITTANCE  RANGE  <%) 
SUNSENSOR  LENSES  2.0mm 


Figure  6.  Range  of  Transmission  of  Photochromlc  Lenses 
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DISCUSSION 

FORGIE:  You  mentioned  the  problem  with  warping  of  the  plastic  lenses,  You  also  mentioned  that  It  did 

not  cause  any  alteration  of  the  power  but  it  caused  aome  spatial  distortion  problems.  Could 
you  amplify  that  and  tell  us  how  significant  this  was  from  a practical  point  of  view? 

TREDICI : Perhaps  not  too  significant,  I must  agree  It  did  cause  some  distortion  due  to  magnification 

effect,  He  do  have  a paper  (authored  by  Col  Kislin)  that  did  show  there  is  the  possibility 
of  extreme  variations  If  you  went  from  the  maximum  on  one  end  to  the  minimum  on  the  opposite 
axis  and  added  is  the  variability  that  vas  possible  between  the  two  lenses.  One  ot  the 
problems  being  that  when  the  lenses  are  placed  in  the  frames  there  is  nothing  to  tell  you 
how  much  you  should  tlghte, . the  frame.  You  can  keep  tightening  it  until  you  can  have  all 
kinds  of  distortion.  The  plastic  frames  were  a little  better,  and  things  are  improving 
in  the  newer  generations  of  CR-39  plastics,  Ue  will  probably  alter  our  regulation  on 
supplying  glass  lenses  only,  In  the  very  near  future, 

BRENNAN:  A comment  and  a question.  Perhaps  the  reason  for  the  popularity  of  those  sunglasses — If  your 

Air  Force  is  anything  like  ours — la  the  fact  that  they  are  free!  Do  you  find  that  a luminous 
transmittance  of  10  to  151  is  sufficient  In  the  high  light  levels  which  you  quote  are  existent 
in  Texas.  I say  this  because  I once  read  that  submarine  commanders  in  the  laBt  war  working 
at  very  high  light  levels  preferred  luminance  transmit tances  down  to  as  low  as  3%, 

TREDICI:  It  is,  I think,  a good  compromise  that  we  are  not  willing  to  change  right  at  this  time,  but, 

I think  5 or  61  would  be  better  up  at  high  altitudes;  151  is  not  too  bad  around  Texas  but 
I agree  with  you. 

CLICK:  More  of  a comment,  You  were  mentioning  going  to  N-31  or  311  transmission  to  eliminate  the 

bull's  eye  and  "mexican  hat"  effect.  Don't  you  mean  though  that  this  is  a uniform  coating 
of  that  percentage  rather  than  a through-and-through  tint? 

TREDICI:  No,  it  Is  a through-and-through  tint.  We  have  had  coatings  of  151  before  and  their  life  is 

so  short  that  we  have  given  up  on  these  coatings.  We  had  a coating  on  glass  and  a dipping 
of  the  plastic  to  get  it  down  to  whatever  transmission  we  wanted  although  that  was  kind  of 
hit  and  miss.  We  have  given  up  on  the  glass  coating.  We  Just  went  to  the  311;  it  just 
alters  the  overall  percentage  and  we  can  accept  that. 

GLICK:  But  the  effect  is  still  there? 

TREDICI:  Yes,  but  less  evident. 
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1 - INTRODUCTION 

k(aa  a'ila  na  aont  plua  affectAs  dana  daa  unltAs  opAratlonnellaa,  laa  aaabraa  du  Par- 
aonnal Navigant  Igia  da  plua  da  40  ana  continuant  A plloter.  lie  an  trouvent  alora  confront!* 
dana  1 'avion  A un  problAaa  da  viaion  dlffArent  da  calui  qui  aat  la  laur  au  aol,  dana  laur  bureau. 

Pour  recuaillir  laa  lnforaationa  nAeeaaalraa  au  pilotage,  fourniaa  eaaantielleaent 
par  la  fonotlon  visual!*,  la  pilota  doit  rtaliaer  un  certain  noabra  da  tachea.  Caa  tachaa 
exigent  i 

- una  bonne  viaion  A distance  pour  l'obaarvatlon  da  la  plate  ou  da  l'espace  aArian. 

- una  bonne  viaion  interaAdlalro  pour  la  lecture  das  inatruaents  du  tableau  da  bord 
at  das  inatruaents  altuAs  au-dsasua  da  la  tits  du  pilots, 

• una  bonne  vision  da  prAa  pour  la  lecture  das  plans  da  vol,  das  cartas  da  navigation, 
das  procAdurea  ate  ... 

Laa  distances  pour  las  visions  intarmAdiairas  at  da  prAa  variant  d'alllaurs  aelon  la 
type  d'appareil,  salon  la  aorphologie  daa  pilotaa  at  aalon  laura  habitudes. 

Una  tnquAt*  a AtA  mane*  u y a qualquas  annate  auprAs  daa  naviganta  civile  axpertiaAs 
dans  notra  Centra,  at  Ages  ds  plua  da  40  ana.  Ell*  nous  ay* it  aontra  qua  22  % d'antra  aux  per- 
taiant  an  vol  una  correction  optiqua  antra  40  at  45  ans.  Ca  pourcentage  a 'Aleva  it  A 5^,5  % chsa 
lea  sujats  Ages  da  46  A 50  ans  at  A 92  % au-delA  da  51  ans. 

Cstta  anquAta  nous  avait  aontre  agalaaent  qua  las  lunattaa  Atalsnt  portAes  plua  pri- 
cocaaant  an  vol  da  nuit. 

Enfln,  noun  aviona  pu  rsaarqusr  qu'aucun  systAae  da  correction  utiliaA  par  cas  navl- 
gants  na  laur  donnait  entiAra  satiafaction  s caci  a'expliquait,  au  aoina  partialleaant,  par  la 
fait  qua  la  prescription  n'avait  pas  eta  AtudiAe  pour  la  travail  aArian.  Las  lunattaa  aarvalant 
ausai  bian  au  aol  qu'en  vol. 

Nous  na  pouvona  rapportar  laa  reaultats  d'una  enquAts  idantique  che*  las  naviganta 
allltairea.  Laa  rAaultata  na  seralent  d'allleurs  p*s  concordants,  pulaquc  la  plupart  daa  apparalla 
allltalrea  aont  diffArants  at  qua  las  critAres  da  aAlectlon  daa  pilotaa  la  aont  Agalaaent.  Pour 
lee  pllotes  militaires,  il  eat  tanu  coapta,  non  aauleaant  do  1'acuitA  sana  correction,  aaia  Agala- 
aent da  la  valaur  da  la  rAfractlon  aprAs  cycloplAgia  (afin  d'Allainer  toutes  lea  myopias  latantea 
at  lea  hyperaAtropiea  aupAriaurao  A 2 dioptrlea). 

2 - LE  PROBLEHE  DE  I.1  ACCOMMODATION 

5.^  - 6a na  daa  conditions  nornalas,  an  fonction  da  aon  Aga,  un  sujet  peut  fairs  verier 
aa  distance  focale.  da  faqon  qua  laa  objets  Aloignea  conns  las  objats  rspprochAs  puissant  Atra 
vus  nattaaant. 

L‘cnseaeio  das  phenoaAnas.qui  persattent  A l'oeil  u«  produire  une  isag*  nstte,  cons- 
tltue  la  phAnoaAne  da  1'scooaBodatlon.  dont  la  sAcanisme  ast  assentlalleaant  crlstallinion,  II 
eat  caracterlaA  par  una  aodification  das  rayons  da  courbure  antAriaur  at  postarieur  du  cristsllin 
at  suaal  par  un  lager  deplacement  an  avant  da  la  lentllle,  chan  le  aujst  debout.  II  s'ejout*  Aga- 
laaant  un  phAnoaAne  intrscriatsllinisn,  HA  A une  codification  de  1' indice  ds  rAfractlon,  sans 
doute  par  taaseaent  dea  fibrea  A la  partie  centrals. 

Ca  phAnoaAne  d'eccommodat'on,  dont  la  nAcsnlsat  eat  d'origine  corticala,  depend  da  la 
alas  an  jau  du  auacla  cillaira.  II  eat  accoapagnA  de  deux  autrea  phenoaAnea  qul  aa  revAlont  in- 
dapendanta  ; la  convergence  at  la  contraction  pupillaire  avec  dAeentrement  an  dehors.  Cas  daux 
darnlara  phAnnaAnee  aont,  par  contre,  HAa  I'un  A 1 'autre. 

2.2.  - L'accoaaodation  comport*.  des  limitea,  entre  lesquellea  elle  s'effectue.  C'est  tout 
d'abord  le  punctua  remotum  (P.R)  qul  represents  la  point  ou  doit  se  trouver  un  ob.1et  AloignA  pour 
que  son  iaage  se  forac  nette  sur  la  retina,  sans  qua  l'oeil  nccomaode.  Pour  un  oeil  emei trope,  ce 
point  aat  situA  su  delA  da  6 aAtres.  Le  point  le  plus  proche  vu  encore  dietincteaent  par  aisa  an 
Jeu  da  l'accoaaodation  eat  le  puntua  proxiaua  (P.P).  En  avant  ds  lul,  l'iaage  na  peut  plus  as  for- 
cer nattaaant  sur  Is  rAtine. 

La  distance  entra  PP  at  PR  eat  la  psreoura  d 'accommodation  (a  « r - p),  tandia  qua  la 
dlffArence  entra  l'oeil  accoaaodA  P et  l'oeil  au  repoa  R represents  l'anplitude  d'accosaodation 
( A . P - R).  

Chen  l'essetrope  Jeuna  A = P = 14  dioptriea,  tandis  que  ches  1'hyperaAtrope  A a P + R 
et  che*  le  cyopa  A • P - R. 

2.3<  - L' accommodation  eubit  des  variation*  phyalologiquaa  et  pathologiques • L'Age  aat  le  fac- 
teur  principal  antralnant  une  diminution.  La  fatigue  geoArale,  tout  coaaa  la  fatigue  viaualla,  in- 
tervient  da  la  mAae  faqon  1 on  ramarqua,  en  -ff#t,  A partir  da  la  15Aae  minute  d'un  travail  de  prAj, 
un  racul  du  PP,  ca  qul  represent*  un  bon  teat  de  fatigue.  D#  mine  laa  hAtArophorlaa.  laa  aaplitudea 
da  fusion  aAdiocres  perturbent  l'accomaodation.  Las  anoaallas  da  rAfractlon,  non  corrlgAea, 
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agiasent  dana  1*  aena. 

Certeitu-a  thArapeutiquee  locales  ou  gtairalea  modifient  1 'accommodation  i collyrea  A 
la  nioaynAphrine  par  example  ou  medicaments  utiliaAa  dana  la  traltamant  dea  affections  digestive*. 

Inf in,  lea  conditions  aironautiques  ellea-mAmee  peuvent  intervanlr,  teller  l'anoxie, 
lea  eccalAratlona  et  la  stress. 

Pour  qua  l'acte  accoaaodatlf  o'effectue  confortableaent  pendant  une  longue  pAriode*  on 
adaet  qua  la  aujet  na  dolt  utlliaer  qua  lea  2/3  ou  la  1/2  da  aon  pouvolr  d 'accomodation « On  peut 
ainal  dAfinlr  une  accommodation  maximale  at  une  aceaaaodatlon  effleacs. 

3 - LA  PKESBTTTIE 

bn  lit  qu'un  aujet  eat  praabyte  loreque  ayant  une  vision  de  loin  normals,  corrigAe  ou 
non,  11  Aprouve  daa  difficultAs  A avoir  une  vision  precise  et  aoutenue  A une  distance  de  33  can* 
tinAtraa. 

En  rialitA,  catta  definition  eat  trAa  empiriqua,  car  la  aclAroaa  eristallinienne  aat 
trls  progressiva  at  on  ne  paut  qua  prAciaer  une  aone  de  rupture  d'Aquilibre. 

L'ige  da  dAbut  eat  variable  chas  le  sujet  emaAtrope  \ 11  ae  situs  habituelleaent  vera 
43  ana.  Certains  facteura  dAclenchent  ou  accantuant  souvent  ce  phAnoetAne  t une  fatigue  important*, 
un  accident*  un  choc  paychologique,  une  intervention  chirurgicale  sous  anesthesia  generals* 

Che*  le  aujet  hyperaAtrope  non  corrigA,  la  presbytia  apparalt  plue  tflt,  d'autant  plus 
que  I'hypermAtrople  est  plus  importante. 

Che*  le  myope,  la  presbytia  est  idsntique,  m-tia  la  lecture  de  prAs  deaeurant  possible, 
all#  pourrait  paeaer  inaperque  chac  un  aujet  non  corrigA. 

4 - HESURE  DE  L' ACCOMMODATION 

Nous  utilisona  deux  methods*  t la  premiAre  Clinique,  simple  male  laprAcise,  Is 
seconds  plus  fidAle  mettsnt  en  Jeu  le  proximAtre. 

4.1  - En  faieant  lire  l'Achelle  d'acultA  de  PABINAUD.  on  recherche  le  point  rapproehe  A partir 
duquel  la  lecture  deviant  impossible. 

4-2.-  Le  ProximAtre , realise  par  lee  services  techniques  du  Centre  d'Etudes  et  de  Rechit.ches  de 
Medacine  AAronautlque  an  1958  (PERDRIEL,  COLIN  et  BRICE),  ent  utilisA  pour  mesurer  le  punrtum  proxi- 
mua  da  convergence  et  la  punctum  proximum  d'accoamodstion.  Cat  appareil  eat  conposo  esaentisllement  : 

- d'un  sppui  mer.ton/front  permettant  d’smener  lee  yeux  dans  le  plan  du  test, 

• d'un  dispoaitif  optique  simple  qui  permet  de  reperer  le  sonnet  des  corneas  et  de 
placer  le  zero  de  la  rAgle  graduee  servant  a la  mesure  sur  un  plan  normal  au  centre  de  la  cornea* 

- d'un  anneau  de  Landolt  noir  sur  fond  blanc,  mobile  et  orientable. 

La  distance,  neaurAe  en  centiaAtres,  A laquelle  le  sujet  peut  encore  eituer  correc- 
teaent  1 * orientation  de  la  briaure  de  1'snneau,  represents  le  punctua  proxiaua  d' accommodation. 

5 - CORRECTION  DE  LA  PRESPYTIE 

5.1  - On  pourrait,  en  lonction  de  I'Age  et  de  la  valaur  de  l'accommodatlon,  preacrire  une  cor- 
rection, Bale  il  faut  Agalenent  tenir  compte  de  la  distance  de  travail  et  dea  conditions  dans 
lequel  11  s'effectue  pour  proposer  une  correction  valable. 

Ainai,  ei  un  pilots  doit  focalieer  A 75  centimetres,  dana  1’hypotiiAae  rare  vu 

il  eat  emaAtrope,  I'accoamodation  nAceasaire  e«ra  done  Agala  A s 

» 1*35  dioptriea. 

S'il  cat  hyperaAtrope  de  0,50  dloptrie,  ce  qui  est  par  contra  trAa  frAquent*  l'accommodatlon  nAces- 
naire  sera  de  1,33  + 0,5  a 1,83  dioptriea.  En  vol  de  nuit,  ou  la  valeur  da  1 'hypcrmAtrople  augments 
d'environ  0,60  dioptriea  an  Aclairage  rouge  d'sprAs  PADZIKH0SK1,  l'accommodatlon  necesaaire  aera 
done  da  1'ordre  de  2,5  dioptriea.  En  supposant  que  notre  pilots,  choiai  pour  example,  ne  pulses 
utlliaer  que  laa  2/3  de  eon  accoaaodatlon  pendant  une  longue  pAriode,  il  faudrait  qu’il  dispose 
de  prAs  de  4 dioptriea  pour  Atre  certain  qu'aucun  facteur  environnant  ne  1'emplchera  d'aceomplir 
lee  tact, ss  visualise  qui  lui  incombent.  Si  l'on  retiant,  comae  certains  auteurs,  l’utilisation  de 
la  moltlA  de  l'accommodatlon,  11  lui  faudrait  alors  5 dioptriea. 

Lea  courbea  etabliea  d'aprAs  DUANE  situent  cea  valeura  entre  42  et  44  ans. 

5.2.-  Lea  solutions  utiliaees  pour  corriger  lea  presbytes  sont  noabreuses  et  tienneot  compte  du 
type  d'appareil,  de  la  valeur  de  la  vision  de  loin  et  de  I'Age. 

Loraque  le  parcours  d 'accommodation  ae  revels  etre  inferieur  A quatre  dioptriea,  la  pre- 
aiAre  correction  aera  le  plus  aouvent  prescrite. 

Elle  ae  fera  an  tenant  compte  de  l'hyperaetropie  prAexistante . Si  l'acuite  viauelle  de 
loin  eat  normale,  11  suffice,  tree  aouvent,  de  la  corriger  pour  omeliorer  d'une  fagon  permanents  la 
vision  intermediaire  et  la  vision  de  prAs. 

Certains  anjets  prefArert  ne  pan  modifier  lours  habitudes  et  as  contentent  d'une  demi- 
lunette  A monture  Atroite  qui  leur  permet  1'addition  qui  aoulage  leur  a'comaodation. 

D'autree  eujets  prAfArent  avoir  recoure  A un  monocle,  utilise  saulement  et  a la  demande 
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pour  la  vision  da  prA*. 

Si  1'acultA  viauelle  da  loin  eat  diainuAe  at  ai  la  puissance  d'accoaaodatlon  aat  au- 
pArieure  a 2 dioptriae,  11  faut  envisager  1 'usage  da  varrea  blfocnux.  La  vision  da  loin  at  la 
vision  intaraAdiaire  aa  far a avec  la  foyar  superieur,  tandla  qu'un  patit  foyer  InfArieur  petvet- 
tra  la  lecture  da  prAa. 

Loraqua  la  parcoura  d'accoaaodatlon  deviant  InfArieur  A daux  dloptriaa,  la  vision  in- 
teraAdialre  devlendra  laposalbla  at  11  faudra  envisager  un  varra  trifocal.  Pour  rAalleer  celui-ei,  11 
aat  souhaitabla  da  plaear  la  eorractloa  pour  la  riaion  iataraediaira  an  haut  du  varra  at  la  corrae- 
tion  pour  la  riaion  da  prAa  la  plua  baa  poaaibla  at  n* occupant  qu'une  patita  surface.  La  surface 
IntaraAdiaire  la  plua  grande  poaaibla  aarvira  A la  vision  dr  loin. 

Pour  toua  cas  types  da  lunettes.  il  favt  inaistar  aur  un  parfait  rAglage.  En  effet, 
una  nauralaa  inelinaiaon  daa  varrea  coaae  vn  aauvaia  eantraga  peuvent  antralnar  daa  effete  pria- 
aatiquaa  iapirtanta.  II  faut  Agaleaent  vaillar  i la  dlstanea  antra  aonaat  da  la  cornAe  at  faca 
postArieure  du  varra,  touta  augaentation  da  eatta  distance  augaantant  la  pulwaanea  affactiva. 

Nous  avona  aaintenant  A notre  disposition  daa  varraa  d foyer  progreaaif  qul  aaablant 
devoir  reaplacer  las  varraa  aultifocaux  loraqua  la  pilota  n'a  pas  beaoln  d'une  correction  inter- 
aediaira  pour  lira  lea  cadrana  placAa  au-daaaua  da  lui.  Lea  praaiara  varraa  progreasifs  ale  d 
notra  disposition  a valent,  At  A abandonnAa.  La  vision  au  centra  du  varra  Atait.  an  affat,  aatis- 
f a leant e aais,  lateraleaent,  a'accoapagnait  d'abarrationa  d l'origine  d'iaagaa  flouas.  II  Atait 
done  iapoasibla  d'attarrir  avec  ca  type  da  correction.  En  vol,  pour  Aliainer  las  iaages  floues, 
la  pilots  Atait  obligA  d'affectuar  das  aouvaaanta  da  rotation  da  la  tAta  qui  pouvaient  craer  das 
illusions  aansoriallaa  du  type  das  phenoaines  da  balanceaent  at  da  roulla. 

Actualleaent,  lea  varraa  progreasifs  presentent  una  valeur  optiqua  pratlquenent  equi- 
valents dans  toua  lea  secteurs  du  verre,  ce  qui  peraet  da  lea  prescrire  avec  profit.  II  deaeure 
nAcessaire  de  velllar  d la  bonne  realisation  de  cea  lunettes,  qui  doit  Atre  confiea  d un  optician 
coapAtent  at  entralnA  au  aontage  de  cea  verres. 

L'utilieation  de  deux  palrea  de  lunettes  deaeure  exclua  ( pour  des  pi.lotes  qui  na 
aauraiant  s'habituar  aux  varrea  progreasifs,  noua  prascrivona  parfoia  dea  "lunettes  d nonture 
baaculanta" . II  a'aglt  d'une  lunette  noraala  avec  das  verres  bifocaux,  aur  laquelle  eat  artlculee 
un*  aonture  additionnelle  dans  laquelle  on  paut  placer  des  verres  bi  ou  trifocaux.  Il  eat  done 
possible  de  jouer  avec  lea  puiasancea  an  las  additionnant  ou  en  lea  eouetrayant,  ce  qui  peiaet 
de  fairs  face  d toutea  lee  conditions  de  vision  iapooeea  par  le  pilotage.  La  oanoeuvre  peut  e'ef- 
fectuer  ai  rapidcaent  qu’elle  no  gAne  paa  le  travail  aerien.  On  preacrit  le  plus  souvent  dans  la 
aonture  r±xa  la  correction  de  loin  plecAe  dans  un  petit  aegaent  da  la  partis  superieure  du  varra, 
la  partia  aediane  at  inferiture  Atant  utiliaeea  pour  la  correction  da  la  vision  interaediaire.  La 
aonture  aobila  porta  une  correction  qui  peraet  loraqu'elle  eat  en  aarvica  da  lira  lea  instrunents 
avec  la  partia  supArleure  du  varra  at  Ian  textas  irpriaea  ou  las  cartes  avec  la  partia  inferieure. 

Lea  pilotaa  d'aviona  de  transport,  pour  lesquela  nous  evonn  fait  une  telle  prescrip- 
tion, an  sont  satiefaite. 

6 - CONCLUSIONS 

Pour  obtenir  de  bona  reaultata  dans  la  correction  dea  pilotaa  devenus  preabytsa,  il 
eat  bien  sflr  nAcessaire  de  aeaurer  lore  dea  visitss  rAvisionnellea  la  reserve  d'accoaaodatlon.  On 
ae  heurta  le  plus  souvent  A des  reticences  et  on  peut  *e  demander  ai  las  lunettes  sont  reelleaent 
portAea.  L'utiliaation  asaez  frequents  du  aonocla  qui  as  revile  discret,  aais  eases  pau  efficace, 
paralt  un  excellent  exesple. 

Il  faut  aussl  adaettre  qu'aucuna  dea  solutions  optiquee  propoeees  n'eat  reelleaent 
aatiafaiaanta. 

Il  faut  anfin  insieter  aur  la  nAcaasitA  da  fairs  raaliser  pour  le  vol  dee  lunettes  qul 
aeralent  diffArentee  de  celled  utiliaeea  au  sol,  puiaqu'elles  doivent  prendre  an  considAration  un 
certain  noabra  da  paraaAtrea  particullera. 
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DISCUSSION 

CLICK:  Poes  the  variable  focus  lens  also  go  by  the  uame  of  Varilux  as  did  the  original  lens? 

CHEVALERAUD:  Yes,  this  lens  is  identified  now  as  the  Varilux  II. 

BRENNAN:  Do  you  find  you  have  to  take  into  account  aviators  vho  sra  flying  with  red  cockpit  lighting 

and  require  an  extra  accomodative  effort? 

CHEVALERAUD;  Yes,  since  we  are  aware  of  the  additional  plus  lens  necessary  to  correct  che  presbyopia 
under  red  lighting,  This  extra  amount  la  taatad  for  and  given  in  the  correction. 

TREDICI:  Do  you  atlll  use  red  cockpit  lighting? 

CHEVALERAUD:  We  use  It  In  combat  aircraft, 

KUCBNER:  How  compatible  Is  the  spectacle  with  the  head  gear  and  with  the  protective  helmet? 

CHEVALERAUD:  There  la  no  significant  problem  as  to  why  the  spectacle  frames  cannot  be  worn  under  the 
vlaor.  The  glasses  are  compatible  with  and  can  be  worn  with  the  helmet. 


APTITUDE  AO  VOL  ET  LENTILLES  DE  CONTACT  SOUPLES. 


MAdecin  an  Chef  CHEVALERAUD,  Profeaeeur  AgrAgA  du  Service  da  SantA  die  ArmAaa* 
M&dacin  GAnAral  0.  PERDRIEL,  Profaasaur  AgrAgA  du  Service  da  SantA  daa  AraAaa. 

Eeola  d 'Application  du  Service  da  SantA  pour  I'AraAe  da  l'Air 
5 bia,  avenue  da  la  Porta  da  SAvrea  - 75015  PARIS  - 
Franca , 


" II  aat  Avident  qua  la  fabrication  d'una  areture  da  chavallar  du  Moyen  Ago  aat  blan  dlffAranta 
da  la  confaction  d'un  coatuna  da  Tergal  «,, 

Cast  an  utlliaant  cea  taraea  qua  WICHTERLE  coaparait  lea  lantillaa  claaeiquaa  avac 
laa  lantillaa  aouplaa  hydrophilaa,  lora  d'una  confArenee  A ROYAUHONT  (France)*  an  avril  1 .'69, 

1 - LES  LENTILLES  RIOIDSS  ("hard") 

En  19**7,  void  done  prAa  da  30  ana,  dana  leur  raaarquable  rapport  A la  SoclAtA  d'Oph- 
talaologia  da  Paris,  MERCIER  at  DUGUET  a valent  rappalA  lea  avantages  at  lea  inconvenlents  das  ver- 
ras  da  contact  an  aArenautique • II  a'agissait  alors  da  Terras  A appui  scleral,  Ils  concluaient  A 
la  coapatibllitA  probable  da  ces  prothAsee  avac  la  vol  an  altitude,  A la  poealbllltA  da  las  adaet- 
tr«  dans  laa  alaes  conditions  qua  laa  verrea  da  lunettes  classiquaa,  sous  rAsarva  d'un  controls 
eventual  au  caisson  A depression  at  d'una  tolArance  parfaita  pendant  au  aoins  dlx  heurea, 

NalgrA  cat  aspoir,an  France  du  aolna,  las  aeabres  du  personnel  navlgant  ailitaira, 
port aura  da  lantillaa  da  contact,  sont  trAs  peu  noabreux,  Encore  s'aglt  il  tou jours  da  eujets 
possAdant  une  experience  aeronautique , victiaas  d'accidanta  ayant  entralnA,  dans  prsaque  tous 
Isa  cas,  une  sphaquls  unilateral# « 

En  affst,  aalgrA  las  css  favorables  anragistrAa  pendant  la  derniAre  guerre  aondials 
avac  ca  type  da  prothAae,  on  a su  trAs  rapldsasnt  qua  50  % A pains  dss  pilotes  equipAs  supportaiant 
cas  prothAses  (CROSS,  1999  - NEELY,  1953), 

Las  lantillaa  pracornAennea  rigidaa  ("hard  contact  lansea") .plus  lsgArea  at  n'sntrsvant 
pas  la  circulation  limblque,  ont  fait  naitrs  un  nouval  aapoir, 

Capandant,  da  noabreux  auteurs, an  expAriaentant  au  caisson  A dAprsssion,  ont  mis  an 
evidence  la  libAration  ds  nombreueea  patitas  bulles  gaseuaaa  ayant  tendance  A as  grouper  au  centra 
da  la  cornea,  A partir  do  3500  aAtrea,  En  Franca,  l'un  d'antra  nous,  (Perdriel,  1958),  a confiraa 
ca  phAnoaAne  dAcrit  precedemaent  avac  daa  varras  A appui  scliral  par  DUGUET  at  DUMONT.  Cette  ma- 
nifaatation  a Agaleaent  eta  dAcrite  par  d'autree  auteurs,  en  partxcullar  par  Mac  CULLOCH  (1962), 
BERTENYI  (1962),  LEHHESS  at  LITZMAN  (1969). 

Las  bullae  da  gas  qul  apparaisaant,  at  qui  as  revAlent  At  re  da  1'aaota,  agisaant  da  dif- 
ferentea  faqona  i 

- aetabollquea  an  ginant  la  respiration  cornAanna,  ca  qui  entrains  un  oadAaa,  gAnArateur 
d'una  baissa  da  1'acuitA  at  d'una  augaentation  da  la  aensibllitA  A 1* Ablouiaaaaant  (HILLER,  WOLF, 

GEER  at  VASSALLO), 

- aecaniques;  en  as  groupant  au  centra  da  la  cornAa,  las  bullea  e riant  une  sensation 
da  brouillard  diminuant  1'acuitA,  Ellas  creuaent  an  plus  da  petitea  fosaattaa  JuxtapoaAaa,  dana 
1'ApithAliua  comeen.  Lora  du  retaur  vers  le  sol,  lea  bullea  dlsparaiasent  ou,  au  contraira,  per- 
sistent, 

Una  instillation  da  fluorascelna  permet  da  vieualiaer  lea  patitaa  fosaattaa  cunatatiae 
en  altitude,  Ces  lAaions  ratiannant  le  colorant  vital,  affiraant  1'altAration  da  l'ApitbAllum  cor- 
naen.  La  parenchyma,  par  contra,  deaeura  la  plua  souvent  normal,  AprAs  cicatrisation  aana  sAqualle, 
1'acuitA  radaviant  normals. 

La  risque  da  complication  parait  avoir  AtA  l'arguaent  la  plus  Important  pour  refuser 
la  port  das  lantillaa  corneennea. 

Le  deuxlAae  argument  atait  la  risque  da  voir  un  corps  Atranger  sc  gllssar  antra  la  cor- 
nea at  la  lentille  pouvant  creer  une  intolerance  immediate  ou,  au  contraira,  une  lesion  important* 
cicatrlaant  avac  daa  aequellea, 

Le  troiaiAae  argument  Atait  qua, lora  daa  accelerations,  11  existait,  du  fait  du  poida 
daa  lantillaa,  un  riaqu*  non  nagligeable  da  lea  voir  glisaar  an  dehors  da  1'axa  visual. 

L'epreuve  au  caisson  a depression  eat  obllgntoir*  avant  une  decision  da  derogation.  Si 
elle  eat  favorable,  le  port  da  lentille  paut  Atra  tutorial  1*  aujet  abapdonnant  le  pilotage  d 'avion* 
da  combat  pour  calui  dee  aviona  da  lialaon  ou  da  transport, 

2 - LES  LENTILLES  SOUPLES  HYDROPHILES  ("Soft  Lenaes") 

1 - La  aisa  au  point  an  ^chicoslovaqui*  par  hicHTEKLE  at  SIM  da  lantillaa  da  contact  hydrophilaa 
a auacitA,  an  I960,  daa  eepoire  nouvaaux  at  un  evAneaent  marquant  dans  1' evolution  da  la  lentille 

da  contact, 

2 - Laa  lantillaa  aouplaa  sont  constituees  da  gala  hydrophilaa  qui  sont  prasqus  tous  dec 
polymAraa  ou  daa  copolymAraa  da  l'Hama  (2  Hydroxy-Ethyl-Methaaylate) , 

Laa  troia  propriAtaa  assantielles  da  caa  lantillaa  sont  las  suivantas  l 
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- 1 ' hydrophilie  i *11*  dipend  du  degri  da  ritlculatlon  du  Mtirl.au>  La  teneur  an  aau 
varia  da  40  % 4 ?0  Jt  (pourcentage  du  polda  da  l'aau  dans  la  lentille  aaturie)  j 

- la  souplease  t alia  perast  la  contort,  une  adaptation  raplda  at  la  possibility  da 

n'utllisar  las  lantillas  qua  pendant  qualquea  Itauraa  chaqua  jour,  at  on  la  disira  1 ' 

- la  permiabiliti  i plua  la  quaatlta  d'aau  absorb**  par  1 'hydrogel  eat  grande,  plus 
sa  peraiabiliti  4 l'asu,  aux  molecules  solubles  dana  l'aau  at  aux  Iona  eat  important#,  Cacl  per- 
•at  d'anvlaagar  une  mailleure  physiologie  cornienne. 

On  utilise  aetualleaant  das  lantillas  contenant  40  % d'aau, 

3 - Las  lantillas  souplea  seal  scliralea,  dont  1*  dlaaitra  eat  eoapris  antra  13  at  16  aa,  sent 
aetualleaant  las  plua  utilisies  at  paralssent  convenir  4 la  plupart  daa  eas. 

Las  lentilles  souplea  corniennes,  dont  la  dlaaitra  correspond  4 calul  da  la  cornia, 
c'est  4 dire  antra  10  at  12  aa,  aont  d'utilisatlon  plus  llaitie, 

Enf In,  las  lantillas  souplea  hydrophilea  toriquas,  d'appsritlon  rioanta,  na  peuvent 
itra  utilisias  qua  nour  corriger  una  myopia  superieure  4 3 dloptries,  ssoociie  4 un  astigaatiaae 
eoapris  antra  1 at  4 dloptries,  Ellas  aont  actuelleaent  pau  utlllaiea,  msIs  on  pansa  qu'allas 
pourraiant,  dans  l'avanir,  aarvir  4 la  corraction  das  aphsques,  ' < 

L'apparltion  da  cas  lantillas,  beaueoup  alaux  supporters  qua  lea  precedents*,  a fait 
envisager  leur  utilisation  an  aeronaut iqua, 

3 - EXPERIMENTATION 

1/  Protocol#  i "Sous  avona  voulu  atudier  la  comportement  da  ca  type  da  lentillea  au  caisson  4 
depress ion. 

Nous  n'avons  pu  taster  qua  quatre  sujets  jaunea,  non  navlganta,  portant  daa  lantillas 

4 40  % d'hydrophllia . Dana  deux  caa,  il  a'agissait  da  lantillas  seal  seliralaa,  dans  las  deux 
autras  eas  da  lantillas  corniennes. 

Las  sujets  da  notra  experianee  itaiant  iquipia  dapuia  plualeurs  seaalnes,  L'adaptation 
avait  ate  precedes  d'un  axaaan  ophtalaologiqua  coapranant  an  partlculier  1'itude  da  la  aanslbillti 
cornienne  avec  l'esthisioaitre  da  COCHET  at  BONNET,  1' studs  du  tonus  oculairs  avec  la  tononitre  4 
aplanation  ds  Qoldmann,  1’ studs  da  la  paraiabiliti  das  voles  lacryaalas,  la  assure  da  la  sierition 
lacrymale  avac  la  test  da  5CHIRHER  at,  anfln,  l'ituda  da  la  vlaion  binoculalra. 

La  nesura  ds  la  sierition  laeryaale  avait  iti  partlculldraaant  precise  car  l'hypo- 
secretion  nous  paratt  itra  la  preai4re  contra-indication  4 l'iqulpeaent  an  lantillas  aouplao  hydro- 
philas,  Qualquea  hdteeses  de  l'air,  qui  jtilieent  lsur  lent  ills  4 bord  d'avions  commerciaux,  aouf- 
frent  souvent  d'irrltation  con jonctlvala  chroniqua  liia  4 la  sichsrasaa  da  l'atmoaphire,  Pour 
evlter  la  chute  des  lantillas  qui  aa  produit  parfois,  alias  doivant  inetiller,  4 intervene  rigu- 
lier,  lors  des  vols  de  longue  durie,  des  laraas  artif lcielles  (BOISSIN), 

La  protocol#  d'sxanan  a it  a la  sulvant  i non tee  4 3500  oa  4000  nitres  avac  una  Vi- 
tesse aecenaionnelle  de  10  mitrec/seconde,  sana  inhalateur,  L'altitude  itant  attaints,  on  obser- 
vait  un  palisr  de  15  ninutaa,  puis  la  descents  e'sffectuait  avec  une  vitessa  da  10  nitres/ 
seconds,  tin  exaaen  bionlcroacoplqua  italt  pratique  dans  Is  caisson  avant  la  aise  an  routs  das 
pompes,  puis  tous  las  1000  nitres  pendant  l'ascansion  at  la  daacenta.  Au  cours  du  palisr,  las 
corneas  itaiant  examinees  toutes  las  cinq  minutes. 

Dsns  las  cinq  minute*  sulvant  la  retour  au  eol,  l'acuit a vieuelle  itait  aesurie, 
puis  lea  lantillas  itaiant  retirees,  Daa  nesura  da  la  sierition  lacryMle  at  un  lavage  au  aims 
apris  instillation  da  fluoreaciine  itaiant  pratiques, 

2/  Reaultata  t 

- tea  sujets  equipis  ne  aa  aont  jamais  plaint  de  sensations  desagriables  lors  da  ca 

vol  einule. 

- Aucun  degageaent  gaseux  n'a  ate  constate. 

- Apris  la  retour  au  sol,  l'acuit*  itait  la  mem#  que  call#  nesurie  avant  l'entree 
dana  la  caisson, 

- La  secretion  lacrymale  deaeurait  inchangie,  la  longueur  du  papier  humidifli  dans 
le  test  de  SCHIRHER  itant  identiqua, 

- Enfin,  la  cornea  na  retenalt  pas  la  colorant,  ca  qui  prouvalt  l’intigriti  da 
l'eplthiliua  corneen, 

4-CONCLUSIONS 

Las  conclusions  da  notra  expirlmeatatlon  rajoignant  axactamant  cellea  da  POLISHUK 
at  RAZ,  qui  preciaent  de  plus  la  stabillte  des  lsntillas  pour  des  accelerations  ds  6 0,  et  iga- 
laasnt  cellea  ds  CROSLEY  at  Coll, 

Nous  psnsona  done  qus  nous  devona  nous  orlsnter  vers  das  lantillas  da  ca  type  ebaqua 
foia  qu'il  s'avire  necesaaire  d'anvlaagar  una  correction  par  contact,  Cas  cas  doivant  demeurer 
exceptlonnela  et  se  limiter  4 des  sujeta  experiment  is  at  vlctiaee  d'accidentm, 

Dans  l'aviat.ion  milltair*  franqalse,  il  ne  paralt  pas  souhaitable  d'anvisagar 
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la  Multiplication  do  caa  prothitMi  U«  nomoo  d'aptitudo  actuellenent  on  vlgueur  ^xcluent 
d'aillouro  loo  aujets  aadtropea  qui  devraient  avoir  rocouro  k dto  varrao  corroeteura,  Le  port  do 
lontllloa  no  ao  Juatlfio  done  paa. 
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DISCUSSION 


DREYER: 


CHEVALERAUD: 


TREDICI: 


CHEVALERAUD: 


I work  very  much  with  contact  lenses;  this  la  another  activity  of  our  clinic.  I cannot 
share  with  Dr  Chevalereud  his  optimiam  on  the  aoft  lenses  because  the  main  complaint 
of  persons  fitted  with  soft  lenaen  Is  the  very  high  degree  of  shifting  of  the  visual 
acuity.  This  has  been  the  complaint  of  my  patients , who  are  not  aviators,  so  that  I am 
not  sure  that  all  aviators  can  pass  the  visual  requirements.  Another  thing  with  the  soft 
lenses  Is  that  they  need  a very  high  degree  of  rare,  I should  like  to  hear  Dr  Chevaleraud's 
comments  on  that. 

In  my  experience  with  studies  done  In  the  altitude  chamber  there  has  been  no  decrease  In  the 
visual  acuity  while  wearing  the  soft  contact  XenaeB,  Dr  Dveyer,  are  you  referring  to  soft 
lenses,  hydrophilic  soft  lenses,  that  contain  401  water,  or  to  certain  others  that  t am 
acquainted  with  that  have  60  or  even  70X  water?  My  experience  with  those  containing  only 
4 OX  water  has  been-  that  we  have  not  found  any  changes. 

I see  you  have  36Z  humidity  in  the  chamber  and  In  the  airplane.  Many  times  in  Texas  we  do 
not  have  that  much  humidity  at  ground  level  so  we  are  already  starting  with  well  below  this 
level.  In  our  planes  the  hunldlty  is  less  than  half  of  that  once  they  are  at  altitude. 

It  may  not  be  possible  to  produce  enough  tears  and  the  visual  acuity  In  a few  subjects 
has  been  observed  to  drop  several  lines.  And  secondly,  unfortunately  for  us,  in  the  states 
we  can  only  clean  these  lenses  by  again  FDA-approved  methods,  which  necessitate  hauling  s 
large  amount  of  paraphernalia  around — baby  bottle  warnera,  salt  solutions,  etc.  Right 
now  we  can  only  boll  them,  we  cannot  use  any  kind  of  chemicals  and  ao  with  all  of  these 
drawbacks  we  are  not  using  them  for  aviators  as  yet.  The  only  question  I have  is  about 
the  humidity,  1 felt  the  humidity  wss  less  than  36X  at  altitude,  less  than  the  exper- 
imental conditions  of  the  chamber,  which  would  then  accentuate  the  problem  of  lens  drying 
and  changes  In  acuity, 

1 agree  with  you  except  that  the  basic  conditions  of  humidity  are  as  they  are  and  cannot  be 
altered 
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VISION  WITH  THE  AN/PVS-5  NIGHT  VISION  GOGGLE 

MAJ  Roger  W.  Wiley  and  CPT  Frank  F.  Holly 
U.S.  Army  Aeromedical  Research  Laboratory 
Port  Rucker,  Alabama  36362 


This  paper  presents  the  results  from  a series  of  experiments  in 
which  visual  performance  using  the  AN/PVS-5  night  vision  goggle  was 
measured.  Visual  modulation  transfer  functions  of  the  man-goggle 
system  were  determined  and  compared  to  results  obtained  with  unaided 
viewing.  It  was  found  that  the  man-goggle  system  performance  was 
superior  to  unaided  visual  performance  at  average  target  luminances 
equivalent  to  St  and  2St  moon  illuminances.  At  a target  luminance 
equivalent  to  a full  moon  illuminance,  unaided  visual  performance 
was  superio  at  higher  spatial  frequencies,  while  remaining  poorer 
at  the  lower  spatial  frequencies.  Using  a modified  Howard-Dolman 
apparatus,  it  was  determined  that  the  stereoscopic  threshold  was 
degraded  with  the  man-goggle  system.  Field  measurements  of  relative 
depth  discrimination  using  all  available  visual  cues  showed  that 
performance  of  the  man-goggle  system  was  statistically  equivalent  to 
unaided  photopic  visual  performance  at  intermediate  viewing  distances, 
but  was  inferior  to  unaided  viewing  at  distances  of  S00  feet  or 
greater.  While  use  of  the  night  vision  goggle  reduces  the  ambient 
light  level  necessary  for  military  rotary  wing  support,  use  of  the 
goggle  does  not  allow  the  operator  to  perform  with  photopic  visual 
efficiency. 


INTRODUCTION 

Recent  military  experiences  and  modern  tactical  considerations  have  dictated  the 
requirement  for  placing  emphasis  on  sustained  operations  with  future  military  deployment. 
Such  sustained  operations  imply  continuous  activity  by  military  units  during  periods 
of  darkness  as  well  as  daylight.  The  requirement  for  operating  during  periods  of 
reduced  illumination  will  place  new  perceptual  demands  and  physiological  stress  upon 
the  individual  soldier.  Since  vision  is  the  principal  sensory  modality  with  which 
man  gathers  information  from  the  external  world  about  him  in  order  to  function 
effectively,  major  military  operations  historically  have  been  conducted  during  periods 
of  good  illumination. 

The  eye  and  related  neural  structures  comprise  an  extremely  effective  information 
processing  system.  The  visual  system  has  a total  dynamic  range  in  response  to  light 
stimulation  much  greater  than  any  other  known  photodetection  system.  In  order  to 
achieve  this  large  dynamic  range,  several  physiological  adaptations  and  compromises 
have  been  accomplished.  The  duplicity  arrangement  of  the  retina  represents  one  of 
the  most  effective  adaptations.  At  moderate  to  high  light  levels,  the  cone  or  photopic 
system  is  operational  and  processes  visual  information  with  remarkable  resolution 
along  several  dimensions  (color,  spatial,  temporal).  At  lower  light  levels,  down  to 
the  order  of  several  photons,  the  rod  or  scotopic  system  is  operational.  In  order  to 
be  capable  of  functioning  at  low  light  levels,  some  severe  visual  compromises  have 
been  made.  For  example,  the  scotopic  system  integrates  light  over  relatively  large 
retinal  areas  so  spatial  resolution  is  considerably  reduced.  No  color  information  is 
processed,  and  temporal  processing  is  reduced.  The  limited  information  provided  by 
the  scotopic  visual  system  restricts  the  capability  of  the  soldier  to  effectively 
perform  his  military  duty. 

In  recognition  of  the  requirement  for  sustained  military  operations,  two  avenues 
have  been  pursued  to  reduce  the  impact  of  the  basic  limitations  of  the  scotopic 
visual  system  on  military  operations  during  periods  of  darkness.  The  first  approach 
has  been  to  increase  the  amount  of  time  devoted  to  operational  training  at  nignt.  It 
is  felt  that  this  will  reduce  the  stress  and  Increase  the  perceptual  proficiency  of 
individuals  during  night  military  operations.  However,  the  anatomy  and  physiology  of 
the  human  visual  system  are  relatively  immutable  and  certain  tasks,  such  as  nap-of- 
the-earth  (NOE)  rotary  wing  flight,  require  more  visual  information  than  the  scotopic 
system  can  provide.  To  fulfill  this  need  for  low  light  level  visual  information, 
major  technological  advances  in  light  amplification  and  infra-red  systems  have  been 
developed  in  recent  years. 

The  AN/PVS-5  Night  Vision  Goggle  (NVG)  , developed  by  the  U.S.  Army  Night  Vision 
Laboratory,  is  considered  an  effective  interim  solution  to  allow  U.S.  Army  aviators 
to  conduct  rotary  wing  operations  at  night.  While  the  NVG  performs  admirably  in 
light  amplification,  use  of  the  NVG  has  presented  new  problems  and  questions  for 
those  of  us  concerned  with  the  human  in  this  man-machine  loop.  For  the  past  several 
years,  personnel  at  the  U.S.  Army  Aeromedical  Research  Laboratory  have  been  conducting 
experiments  designed  to  determine  the  present  and  potential  impact  of  the  NVG  on 
aviators  during  rotary  wing  flight.  A previous  AGARD  Conference  report1  reviewed 
studies  conducted  by  other  laboratories  on  the  NVG,  and  these  will  not  be  further 
detailed  here.  However,  several  reports  have  more  immediate  pertinence  to  the  present 
conference  and  should  be  discussed  briefly. 


As  with  any  new  device,  there  has  been  some  concern  about  possible  damage  to  the 
eyes  while  using  the  NVG.  Several  military  agencies  reported  that  their  personnel 
were  complaining  of  a so-called  "brown  eye  syndrome"  after  using  the  NVG.  This  prob- 
lem was  investigated  and  found  to  be  simply  a color  afterimage  which  should  be  ex- 
pected after  viewing  the  narrowband  output  of  the  P20  phosphor  used  in  the  goggle2. 

In  addition,  the  persistence  of  the  afterimage  lasted  only  a brief  period  of  time. 
However,  the  P20  phosphor  output  has  caused  another  problem  of  some  significance. 

This  is  the  loss  of  color  information  while  using  the  NVG.  Because  of  the  reduced 
resolution  and  narrowband  output  of  the  goggle,  standard  navigation  maps  cannot  be 
used.  Recently,  the  U.S.  Defense  Mapping  Agency  has  developed  an  experimental  map 
consisting  of  a reversed  contrast  display.  It  has  been  determined  that  adequate 
information  can  be  obtained  from  these  black  background  maps  using  either  the  goggle 
or  with  the  naked  eye  and  aviation  red  illumination2. 

The  NVG  is  powered  by  a 2.7  volts  wafer  battery.  Since  goggle  failure  occurs 
due  to  low  battery  output  without  prior  warning,  it  is  of  some  importance  to  know  the 
state  of  adaptation  of  the  eye  upon  removal  of  the  NVG.  With  normal  viewing  condi- 
tions, luminance  output  of  the  goggle  display  is  between  0,7  foot  lambert  and  l.S 
foot  lamberts.  It  was  found"  after  allowing  subjects  to  fully  dark  adapt  followed  by 
a 5-minute  period  of  viewing  with  the  goggle  that  visual  sensitivity  had  degraded  to 
that  level  normally  found  at  approximately  10  minutes  into  the  course  of  dark  adaptation. 
However,  the  average  recovery  time  (i.e.  time  to  return  to  30  minute  level  of  sensi- 
tity)  was  2 minutes. 

This  report  presents  results  from  experiments  designed  to  determine  the  effects 
of  the  goggle  on  a user's  ability  to  make  relative  depth  discriminations  under  both 
field  and  laboratory  conditions.  Data  are  also  presented  on  the  visual  modulation 
tranfer  function  of  the  man-goggle  system. 
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METHODS  and  RESULTS 

(1)  Laboratory  Measures  of  Relative  Depth  Discrimination 

A modified  Howard -Dolman  apparatus  was  used  for  the  laboratory  measures  of  rela- 
tive depth  discrimination.  Modifications  to  the  basic  instrument  consisted  of  driving 
the  variable  vertical  rod  by  a motor  which  was  controlled  by  a radiofrequency  re- 
ceiver. The  observers  held  a radiofrequency  transmitter  and  moved  a toggle  switch  in 
a fore  and  aft  direction  to  elicit  rod  movement  and  effect  alignment  with  the  fixed 
comparison  rod.  When  an  observer  indicated  alignment  of  the  two  rods,  displacement 
readings  to  the  nearest  0.1  mm  were  taken  with  a digital  voltmeter  which  read  the 
voltage  across  a linear  potentiometer  attached  to  the  variable  rod.  Except  for  a 
0.75®  X 1.75®  viewing  window  in  the  front  of  the  instrument,  the  apparatus  was  com- 
pletely enclosed  and  illuminated  with  electroluminescent  panels  lining  the  sides  and 
top  of  the  case.  The  luminance  levels  used  were  6.70  foot  lamberts  for  the  naked  eye 
observations  and  0.012  foot  lambert  for  the  observations  using  the  NVG. 

Six  experienced  aviators  were  used  as  observers.  A modified  method  of  adjustment 
was  used,  and  during  each  testing  period,  an  observer  would  make  10  readings  under 
each  of  four  different  viewing  conditions:  unaided  monocular,  unaided  binocular, 

monocular  with  NVG,  binocular  with  NVG.  To  eliminate  an  order  effect,  the  viewing 
conditions  were  alternated  after  each  observation.  All  observations  were  made  at  a 
viewing  distance  of  6 meters  from  the  fixed  rod. 

Hirsch  and  Weymouth5  first  discussed  the  theoretical  implications  of  measures  of 
depth  discrimination  thresholds,  and  their  suggestion  of  using  the  standard  deviation 
of  the  linear  displacement  scores  has  been  adopted  by  other  investigators  in  subse- 
quent reports.  Accordingly,  our  threshold  measure  was  the  standard  deviation  of  the 
displacement  scores  from  the  10  observations  made  by  each  observer  under  the  different 
viewing  conditions.  Table  1 shows  the  average  thresholds  obtained  from  the  six 
observers  with  the  four  viewing  conditions.  It  can  be  seen  in  this  table 


Table  1.  Relative  Depth  Threshold  with  Howard-Dolman  Apparatus 


Linear  Threshold 

Angular  Threshold 

J 

(Centimeters) 

(Seconds  of  Arc) 

1 

I 

Binocular 

1.34 

5.0 

1 

Monocular 

5.19 

19.3 

Binocular/NVG 

I 

4.80 

17. S 

1 

Monocular/NVC 

7.04 

26.2 

i 

C7-3 


that  unaided  binocular  viewing  yielded  results  superior  to  any  of  the  remaining  three 
conditions.  Binocular  viewing  with  the  NVG  was  slightly  better  than  unaided  monocular 
viewing,  while  monocular  viewing  with  the  NVG  gave  the  poorest  results.  Scheffe's  S 
multiple  comparison  method  was  used  to  statistically  evaluate  these  data.  There  was 


a significant  difference  (pc.Ol)  between  the  results  obtained  with  unaided  binocular 
viewing  and  those  found  with  the  other  three  viewing  conditions.  However,  no  statistically 
significant  difference  (pc.Ol)  was  indicated  between  the  thresholds  with  unaided 
monocular  viewing,  binocular-NVG  viewing,  and  monocular-NVG  viewing. 

Thresholds  in  terms  of  angular  disparities  are  also  shown  in  Table  1.  These 
were  determined  using  the  following  equation9: 


a (Ad) 
d2 


. 206,280 


where 


n * angular  threshold  in  seconds  of  arc 
a * interpupillary  distance 

6d  * linear  displacement  of  the  variable  rod  from  the 
fixed  rod 

d * observation  distance 

A binocular  threshold  of  approximately  5 seconds  of  arc  is  of  the  same  order  of 
magnitude  as  those  which  have  been  presented  in  previous  investigations* *■* . 

(2)  Field  Measures  of  Relative  Depth  Discrimination. 

The  six  observers  used  in  the  laboratory  study  were  also  used  for  the  field 
measures  of  relative  depth  discrimination.  Again,  a modified  method  of  adjustment 
was  used  and  the  observer's  task  was  to  indicate  when  two  targets,  one  fixed  and  one 
variable,  were  judged  to  be  at  the  same  distance  from  him.  However,  several  pro- 
cedural changes  were  made.  Only  three  viewing  conditions  were  used:  monocular 

viewing  during  the  day,  binocular  viewing  during  the  day,  binocular  viewing  with  the 
NVG  at  night.  Only  one  viewing  condition  was  tested  during  each  observation  period, 
and  two  aviators,  alternately  responding,  were  tested  during  the  same  period.  Full  moon 
no  overcast  conditions  prevailed  during  the  night  testing  periods  with  photometric 
measures  of  moon  illuminance  averaging  1,7  x 10' 2 foot  candles. 

The  aviator  subjects  were  seated  in  the  cockpit  of  a UH-1H  helicopter  and  viewed 
target  pairs  (one  fixed  and  one  variable)  placed  at  distances  ranging  from  200  feet 
to  2000  feet  from  the  helicopter  along  an  inactive  runway  at  Shell  Army  Airfield, 

Fort  Rucker,  Alabama. 

The  targets  consisted  of  white  cloth  stretched  over  metal  framework.  The  larger 
variable  targets  were  mounted  on  wheels  to  allow  easier  movement.  The  actual  sizes 
of  the  targets,  as  shown  in  Table  2,  were  established  so  that  each  of  the  five  target 
pairs  would  subtend  a visual  angle  of  10'  x 30*  at  their  respective  testing  distances. 
Lateral  angular  separation  between  the  two  targets  of  each  pair  was  maintained  at 
l.S*  for  all  testing  distances. 


Table  2.  Actual  Size  of  the  Target  Pairs 


Testing  Distance 

Target  size 

(Feet) 

(Feet) 

200 

0.58  x 1.75 

SOO 

1.46  x 4.37 

1000 

2.91  x 8.73 

1500 

4. 37  x 13.09 

2000 

5.82  x 17.46 

Figure  1 shows  the  resultant  thresholds  for  the  three  viewing  conditions  at  all 
testing  distances.  As  with  the  laboratory  study,  the  measure  of  threshold  was  the 
standard  deviation  of  10  observations  at  each  distance  for  all  conditions.  The  aver- 
age threshold  for  all  six  observers  is  shown  in  Figure  1.  It  can  be  seen  that  while 
the  monocular  and  binocular  results  were  similar,  the  depth  discrimination  performance 
with  the  night  vision  goggle  was  clearly  inferior  at  most  of  the  testing  distances. 
Again,  Scheffe's  S multiple  comparison  method  was  used  to  statistically  evaluate 
these  data.  Results  indicate  that  there  is  a statistically  significant  difference 
(p<0.01)  between  the  unaided  daylight  monocular  and  binocular  thresholds  only  at  the 
2000  feet  testing  distance.  However,  NVG  performance  was  significantly  different 
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FIGURE  1 LINEAR  THRESHOLDS  FOR  RELATIVE  DISTANCE 
DISCRIMINATION  UNDER  THREE  VIEWING  CONDITIONS. 
DATA  POINTS  ARE  THE  AVERAGE  FROM  SIX  OBSERVERS 
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from  monocular  performance  at  all  distances  except  200  feet,  and  goggle  performance 
was  significantly  different  from  binocular  performance  at  all  distances  except  200 
feet  and  S00  feet. 

The  results  in  terms  of  angular  thresholds  using  the  conversion  equation  dis- 
cussed earlier  are  shown  in  Figure  2.  It  can  be  seen,  and  has  been  shown  previ 
ously7 » ' »* » l* , that  the  angular  threshold  for  relative  depth  discrimination  decreases 
with  distance.  However,  these  angular  thresholds  cannot  be  viewed  as  stereoscopic 
disparity  thresholds.  Clearly,  additional  monocular  cues  such  as  site  constancy  are 
operational  for  these  depth  discriminations  made  under  field  conditions  at  all  of  the 
testing  distances. 

(3)  Visual  Modulation  Transfer  Functions  of  the  Man-NVG  System 

Using  simple  clinical  measures  of  visual  acuity,  it  has  been  determined  that 
Snellen  acuity  using  the  goggle  is  about  20/60,  corresponding  to  a minimum  angle  of 
resolution  of  3.0  minutes.  However,  such  one-dimensional  measures  are  not  completely 
adequate  since  angular  subtense  of  the  resolution  target  is  the  only  variable  satis- 
factorily controlled  and  higher-order  factors  such  as  blur  interpretation  can  confound 
the  results.  The  luminance  output  and  the  signal/noise  ratio  of  the  goggle  do  vary 
with  changes  in  scene  luminance.  A more  quantitative  technique  to  describe  man-NVG 
performance  is  that  offered  by  the  visual  modulation  transfer  function  (VMTF)  which 
allows  control  of  such  external  variables  as  average  scene  luminance,  contrast,  and 
angular  subtense  of  the  resolution  target. 

The  modulation  transfer  functions  obtained  in  this  experiment  were  determined  in 
the  following  manner.  The  subject  sat  in  a darkened  room  and  viewed  a television 
monitor  on  which  was  displayed  an  electronically-generated  spatial  sine  wave  grating. 

The  experimenter  established  and  controlled  the  average  luminance  on  the  video  dis- 
play, and  the  subject  controlled  the  depth  of  modulation  (contrast)  of  the  grating 
around  the  average  luminance.  The  subjects  were  allowed  several  practice  sessions 
with  the  equipment  prior  to  the  actual  data  collection  periods.  Two  viewing  condi- 
tions (unaided  and  with  the  NVG)  and  four  average  luminance  levels  were  used.  The 
average  luminance  levels  used  correspond  to  the  luminance  of  grass  (121  reflection) 
under  a SI,  2SI,  and  full  moon  illuminance  ;lth  no  overcast  conditions.  The  fourth 
level  of  25  foot  lamberts,  considerably  above  the  level  with  which  the  NVG  would  be 
used,  is  presented  for  comparison  purposes. 

Figure  3 shows  the  modulation  transfer  functions  at  the  four  average  luminance 
levels  for  a man  wearing  the  goggle  and  also  when  using  his  unaided  vision.  The 
ordinate  values  of  percentage  modulation  were  determined  from  the  relationship, 
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quency.  The  data  presented  in  Figure  3 represent  the  average  modulation  thresholds 
obtained  from  two  subjects  who  were  very  experienced  in  making  visual  psychophysical 
observations.  It  can  be  seen  in  Figures  3A  and  3B  that  the  man-goggle  system  performs 
better  than  unaided  vision  at  the  low  average  luminance  levels  with  a 5%  and  251 
moon.  The  depth  of  modulation  (contrast)  required  to  make  the  grating  just  visible 
was  less  at  all  spatial  frequencies  when  viewing  with  the  goggle  at  these  levels. 
However,  at  a luminance  under  a full  moon  (Figure  3C) , the  observers  performed  better 
using  unaided  vision  at  high  spatial  frequencies  while  performance  was  better  using 
the  goggle  at  lower  frequencies.  Figure  3D  shows  that  unaided  eye  performance  is 
much  superior  to  that  achieved  with  the  goggle  when  the  target  luminance  is  sufficiently 
high  to  allow  the  photopic  system  to  operate. 


DISCUSSION 

Although  the  MTF’s  of  the  man-goggle  system  have  not  been  published  previously, 
knowledge  of  the  visual  modulation  transfer  functions  of  the  human  visual  system1 
and  of  the  night  vision  goggle12  have  been  available.  However,  these  separate  MTF's 
are  insufficient  to  predict  performance  of  the  man-goggle  system.  Modulation  transfer 
functions  do  not  cascade  between  optical  components  which  are  directly  coupled.  When 
the  optical  components  of  a system  are  separated  by  diffusers,  the  overall  system  MTF 
can  be  determined  simply  by  multiplying  the  individual  MTF's.  However,  when  the 
various  components  are  directly  coupled,  as  is  the  case  when  a man  views  with  the 
night  vision  goggle,  the  individual  MTF's  cannot  be  multipled  to  determine  the  over- 
all system  MTF.  This  is  because  the  aberrations  of  one  component  may  compensate  for 
the  aberrations  in  another,  and  thus  produce  an  image  quality  for  the  combination 
which  is  superior  to  that  of  either  component.  Any  "corrected"  optical  system 
utilizes  this  principle. 

As  noted  previously,  Figure  3 shows  that  the  quarter  moon  performance  while 
wearing  the  goggle  is  superior  to  that  of  the  unaided  performance  at  all  frequencies 
while  at  full  moon  light  levels,  the  unaided  performance  is  better  at  the  higher 
frequencies  and  is  slightly  poorer  than  the  man-goggle  system  at  the  low  frequencies. 
Therefore,  under  quarter  moon  illuminance,  the  resolution  limit  of  the  naked  eye  is 
lower  than  that  of  the  man-goggle  system  whereas  under  full  moon  conditions,  the 
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resolution  of  the  goggle  is  the  limiting  factor  and  the  naked  eye  performance  over- 
takes that  of  the  man-goggle  system.  It  should  be  noted  that  the  amount  of  light 
provided  by  a SI  moon  is  considered  insufficient  for  NOE  flight  even  with  the  goggle. 
One  effect  of  the  NVG  is  to  increase  the  luminance  levels  of  the  visual  stimulus  to  a 
range  where  the  discrimination  (AI/I)  threshold  for  the  visual  system  is  less  and 
the  visual  system  is  more  sensitive  to  contrast.  This  is  shown  in  its  purest  form  at 
the  lower  frequencies  where  resolution  limits  do  not  confound  the  effect.  While  the 
effect  of  raising  the  luminance  levels  into  a Al/T  range  in  which  the  visual  system 
is  more  sensitive  is  probably  the  main  influence  on  the  results  with  the  lower  fre- 
quencies and  lower  luminances,  we  cannot  eliminate  the  possibility  that  the  NVG  also 
provides  some  contrast  enhancement  or  decrement.  A nonlinear  goggle  output  brightness 
in  response  to  a changing  scene  brightness  would  provide  either  contrast  enhancement 
or  decrement  depending  upon  whether  the  shape  of  the  nonlinear  curve  was  positively 
or  negatively  accelerated. 

Information  obtained  from  the  U.S.  Army  Night  Vision  Laboratory  indicates  that 
the  resolution  capability  of  the  NVG  is  0.67  line  pairs/milliradian . However,  this 
limit  was  established  with  a microphotometric  measurement  of  goggle  output,  and  scene 
luminance  was  not  specified.  The  limit  of  0.67  line  pairs/milliradian  is  approxi- 
mately equal  to  12  cycles/degree.  Our  data  using  equivalent  moon  illuminances  (.fig- 
ures 3A,  3B,  3C)  show  the  cut-off  spatial  frequency  to  be  between  6 cycles/degree  and 
8 cycles/degree.  The  actual  resolution  capability  of  the  man-goggle  system  is  lower 
than  the  physical  specifications  of  the  goggle,  and  it  is  obvious  that  the  contrast 
detection  of  the  human  visual  system  is  less  sensitive  than  the  physical  system  used 
to  specify  goggle  output. 

The  present  data  are  in  good  agreement  with  our  observation  that  aviators  expe- 
rienced in  flying  with  the  night  vision  goggle  prefer  to  use  the  goggle  at  quarter 
moon  illuminance  while  at  full  moon  illuminance,  these  same  aviators  usually  prefer 
to  fly  with  unaided  vision.  As  shown  in  Figure  3C,  resolution  with  the  unaided  eye 
is  higher  at  the  full  moon  illuminance  level.  It  should  be  remembered,  however,  that 
other  factors  such  as  the  height  of  the  moon  may  also  enter  into  consideration.  For 
example,  if  the  aviator  is  flying  along  a river  bed  or  other  partially  shaded  area 
and  the  moon  is  low  in  the  sky,  his  immediate  surround  may  be  receiving  much  less  il- 
lumination than  open  areas,  and  he  may  choose  to  use  the  goggle  even  with  a full 
moon. 


The  reduced  resolution  capability  with  the  NVG  has  probably  influenced  the 
results  obtained  in  the  depth  discrimination  experiments.  As  shown  in  Table  1,  the 
results  obtained  with  the  Howard-Dolman  apparatus  indicate  that  the  depth  discrimi- 
nation thresholds  with  unaided  binocular  vision  were  superior  to  those  obtained  with 
binocular  viewing  thresholds,  while  thresholds  obtained  with  the  NVG  and  monocular 
viewing  were  the  poorest.  Statistical  evaluation  indicated  that  while  there  was  a 
statistically  significant  difference  (p<.01)  between  the  thresholds  of  binocular 
viewing  and  the  remaining  viewing  conditions,  there  was  no  significant  difference 
between  unaided  monocular,  binocular-NVG , and  monocular-NVG  viewing  conditions. 
However,  our  own  observations  and  comments  from  every  subject  used  in  these  experi- 
ments indicate  that  there  is  a perceptually  significant  difference  between  binocular 
viewing  with  the  NVG  and  the  two  monocular  viewing  conditions.  That  is,  even  though 
the  targets  are  not  as  clear,  depth  judgments  using  binocular  viewing  with  the  NVG 
are  more  easily  made  than  those  using  unaided  or  aided  monocular  viewing. 

An  upright  image  is  achieved  with  the  NVG  by  means  of  a fiber  optics  twist  con- 
tained within  the  optics  of  the  tube.  The  fact  that  adequate  spatial  information  is 
retained  after  the  fiber  optics  twist  is  shown  by  the  readily  fused  images  presented 
to  the  eyes  by  the  two  tubes  in  the  NVG.  One  might  reasonably  expect  disparity 
information  to  be  retained  also.  Therefore,  the  decrement  in  performance  while  using 
the  goggle  from  that  of  unaided  binocular  viewing  is  mainly  ascribed  to  the  loss  in 
resolution. 


The  loss  of  resolution  resulting  in  larger  depth  discrimination  thresholds  can 
also  be  seen  in  a comparison  between  the  unaided  and  aided  monocular  performances 
(Table  1).  The  Howard-Dolman  apparatus  is  usually  considered  to  yield  measures  of 
central  stereopsis.  Relative  depth  judgments  with  this  instrument  are  supposedly 
based  upon  disparity  of  the  retinal  images  of  the  two  eyes.  However,  cues  for  depth 
judgment  other  than  image  disparity  are  available  to  the  observer  with  the  Howard- 
Dolman  apparatus.  This  is  ' ue  with  the  instrument  used  in  the  present  experiment. 
One  cue,  proximal  image  size,  was  purposely  left  available  for  our  subjects.  Size 
was  probably  the  major  cue  used  to  make  the  displacement  settings  when  the  targets 
were  viewed  monocularly.  Although  the  cues  available  to  the  observer  when  viewing 
the  apparatus  monocularly  with  and  without  the  NVG  were  the  same,  the  degraded  image 
of  the  targets  with  the  goggle  resulted  in  a threshold  which  was  much  greater  than 
that  found  with  unaided  monocular  viewing. 


The  field  experiment  was  designed  to  measure  relative  depth  discrimination 
thresholds  using  the  goggle  and  to  compare  that  performance  with  depth  thresholds  of 
daylight  unaided  vision.  With  the  preponderance  of  monocular  cues,  the  cue  of  retinal 
image  disparity  was  relatively  minor,  and  little  difference  between  monocular  and 
binocular  performance  was  expected.  This  supposition  was  supported  as  shown  in 
Figure  1 in  which  the  monocular  and  binocular  thresholds  are  statistically  equivalent 
at  all  testing  distances.  However,  for  distances  of  500  feet  or  greater,  Figure  1 
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also  shows  that  depth  discrimination  performance  with  the  night  vision  goggle  is 
significantly  poorer.  As  with  the  results  of  the  laboratory  study,  the  larger 
thresholds  obtained  while  the  observers  viewed  with  the  NVG  are  probably  the  result 
of  the  reduced  resolution.  That  is,  while  information  similar  to  that  used  by  the 
observers  when  viewing  the  targets  during  daylight  was  also  available  to  them  when 
they  used  the  night  vision  goggle,  most  of  the  cues,  such  as  texture,  gradients, 
lighting  and  shading,  and  linear  perspective,  had  become  sufficiently  subtle  to 
result  in  larger  thresholds  . 

Our  results  have  shown  that  stereopsis,  the  appreciation  of  depth  by  means  of 
the  disparity  of  the  retinal  images,  is  significantly  reduced  when  wearing  the  night 
vision  goggle.  Also,  when  many  monocular  cues  are  available,  relative  depth  discrimination 
is  poorer  with  the  NVG  for  distances  of  500  feet  or  greater.  For  lesser  distances, 
performance  was  statistically  equivalent  to  unaided  daylight  performance.  It  should 
be  noted  that  our  results  only  reflect  accuracy  and  not  other  qualities  such  as  speed 
or  comfort.  The  relative  advantages  of  stereopsis  in  aviation  are  still  somewhat 
equivocal.  Two  recent  reports 1 1 >Tl*  have  shown  that  landing  peTormance  of  pilots 
deprived  of  vision  in  one  eye  were  as  accurate  as  their  landings  while  using  both 
eyes.  However,  these  reports  were  based  on  data  obtained  in  fixed  wing  aircraft. 

The  visual  demands  of  rotary  wing  flight  might  be  considerably  different.  Certainly, 
military  flight  profiles  involving  hovering  and  flight  into  aM  out  from  unprepared 
areas  without  benefit  of  approach  and  landing  aids  might  reasonably  be  expected  to 
place  greater  demands  on  an  aviator’s  ability  to  perceive  depth,  especially  at 
distances  of  less  than  100  feet.  The  reduced  depth  discrimination  with  the  goggle 
should  be  recognized  so  that  aviators  can  be  properly  trained  in  preparation  for 
flight  with  the  night  vision  goggle. 

As  scientists  concerned  with  the  visual  welfare  of  our  aviators,  we  are  confronted 
with  a paradox.  We  have  assisted  in  establishing  and  have  supported  high  visual 
standards  which  our  aviators  must  meet.  Now  we  find  that  aviators  are  flying  with  a 
viewing  device  with  which  few  of  these  requirements  are  met.  For  example,  a resolu- 
tion capability  of  8 cycles/degree,  the  full  moon  illuminance  cut-off  spatial  frequency 
of  the  man-goggle  system,  is  approximately  equivalent  to  20/70  Snellen  acuity.  We 
have  required  that  our  aviators  have  normal  color  vision  and  a full  field  of  vision. 

Yet,  the  narrowband  output  of  the  goggle  eliminates  color  vision,  and  the  goggle 
offers  only  a 40°  visual  field.  The  present  experimental  results  have  demonstrated 
that  depth  discrimination  is  degraded  while  using  the  goggle.  Obviously,  the  NVG 
does  not  turn  night  into  day  nor  does  it  allow  a user  to  operate  with  daylight 
photopic  efficiency.  However,  the  night  vision  goggle  does  provide  sufficient 
visual  information  to  allow  flight  under  ambient  light  conditions  which  was  not 
possible  with  the  unaided  scotopic  vision  system.  A previous  report1  has  shown  that 
use  of  the  goggle  allows  a lower  flight  altitude  and  more  accurate  hover  capability 
than  with  unaided  vision.  A future  generation  light  intensification  device  should 
provide  more  light  intensification  with  improved  imagery  to  further  extend  the 
operational  effectiveness  of  aviation  support. 


SUMMARY 


Comparisons  of  the  visual  modulation  transfer  functions  obtained  with  the  man- 
night  vision  goggle  system  and  unaided  vision  show  that  the  performance  with  the  man- 
goggle  system  is  better  when  the  average  target  luminances  are  equivalent  to  that 
under  51  and  251  moon  illuminance  levels.  At  average  target  luminance  corresponding 
to  a full  moon  illuminance,  performance  of  the  unaided  visual  system  was  superior  at 
higher  spatial  frequencies  while  the  man-goggle  system  was  more  sensitive  to  contrast 
at  the  lower  frequencies. 

Stereopsis  thresholds  measured  with  a modified  Howard-Dolman  apparatus  were 
lower  with  unaided  binocular  vision  than  with  the  man-goggle  system.  However, 
binocular  thresholds  with  the  man-goggle  system  were  slightly  better  than  unaided 
monocular  thresholds.  Monocular  thresholds  with  the  man-goggle  system  were  the 
largest  of  any  of  the  four  viewing  conditions. 

Field  measures  of  depth  discrimination  have  shown  that  relative  depth  perception 
with  the  man-goggle  system  is  inferior  to  daylight  monocular  and  binocular  viewing 
for  dijtances  of  500  feet  or  greater.  For  viewing  distances  less  than  500  feet, 
performance  of  the  man-goggle  system  was  statistically  equivalent  to  unaided  viewing. 

The  following  conclusions  are  supported: 

1.  The  resolution  capability  of  the  man-goggle  system  under  full  moon  illuminance 
is  limited  to  8 cycles/degree  (approximately  equivalent  tc  20/70  Snellen  acuity)  or 
less . 


2.  Stereopsis,  which  is  based  upon  retinal  image  disparity,  is  degraded  with 
the  goggle. 

3.  Relative  depth  discrimination  with  the  man-goggle  system  is  statistically 
equivalent  to  unaided  photopic  viewing  for  intermediate  distances,  but  performance 
with  the  man-goggle  system  is  inferior  at  viewing  distances  of  500  feet  or  greater. 
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4,  The  AN/PVS-5  night  vision  goggle  does  not  allow  visual  performance  of 
daylight  efficiency.  However,  it  does  provide  sufficient  visual  information  to 
permit  rotary  wing  flight  under  ambient  light  conditions  which  previously  prevented 
flight  using  only  the  unaided  acotopic  visual  system. 


DISCLAIMER 


The  findings  in  this  report  are  not  to  be  construed  as  an  Official  Department  of 
the  Army  position  unless  so  designated  by  other  authorized  documents. 
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DISCUSSION 
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WILEY; 
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TREDICI: 
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KURSCHNER: 

WILEY: 

KURSCHNER; 

WILEY; 

WARD: 

WILEY: 

FUCHS: 

WILEY; 
TREDICI : 

CHEVALERAUD; 

WILEY; 


On  the  IR  illuminator,  it  is  very  intereating,  what  it  the  range?  How  far  will  It  go? 

The  near  Infrared  illuminator  is  probably  only  good  for  10,  12  or  15  ft. 

If  you  had  a powerful  beam  of  infrared,  the  goggle  would  work  much  better  than  it  does 
now  because  more  infrared  energy  would  return  from  the  target. 

There  really  has  not  been  that  much  consideration  given  to  using  IR  illuminators  simply 
because  they  are  so  easily  detected  by  other  devices,  The  purpose  of  the  night  vision 
goggle  is  to  allow  you  to  remain  "cool  bird"  and  then  if  you  go  out  and  use  an  IR  illum- 
inator, you  would  probably  lose  them.  Dr  Chlsun  has  done  some  work  on  IR  illuminators 
too, 

Just  one  observation;  If  the  goggles  are  considered  for  aid  in  search  and  rescue,  then 
an  auxiliary  Infrared  source  is  useful  end  certelnly  significantly  improves  the  operetion 
with  the  goggles. 

But  this  source  must  have  to  be  so  powerful  when  we  ere  talking  about  projecting  the 
beam  out  at  let's  say  a quarter  mile, 

I think  if  you  use  something  like  a strobe  lamp,  thle  gives  an  instantaneous  but  repetitive 
flash,  and  it  has  good  range.  Unless  you  have  absolutely  no  moon  or  aterllght,  then  you 
would  have  to  have  a very  powerful  source,  but  with  some  natural  light  plus  an  auxiliary 
light,  this  stay  be  uaeful. 

This  remlnda  me  of  something  that  should  be  mentioned,  end  I think  Dr  Brennan  mentioned 
in  his  paper— that  the  nemesis  of  helicopter  pilots  is  wires,  wire  strikes.  The  goggles 
present  new  problems  there  because  right  now  without  them  maybe  they  don't  know  they  ere 
going  co  hit  them.  With  the  goggles  1 believe  they  are  going  to  be  overconfident  and  get 
down  to  the  level  where  they  are  going  to  be  running  into  them  and  we  are  going  to  see 
more  wire  strikes  which  they  cannot  see  with  the  goggles. 

Can  you  tell  us  how  sensitive  this  device  is  to  G forces  and  the  influence  of  vibration 

Vibration  is  a problem.  As  you  could  see,  they  are  loosely  suspended  from  the  helmet 
and  they  are  very  uncomfortable  to  wear.  You  strap  them  back  so  that  now  the  whole 
helmet  is  vibrating  with  them,  and  that  is  aomewhst  of  s problem  although  again  we  have 
flown  with  them  safely  quite  a few  hours. 

Then  they  can  be  used  under  low  level  flight  conditions  at  high  speed. 

They  are  being  used  under  low  level  flight  conditions.  G forces  is  not  that  big  a 
problem  In  helicopters. 

Would  you  mention  the  problem  they  have  when  there  la  a sudden  flesh  of  light,  like  a 
weapons  system  going  off  or  a nuclear  weapon  or  the  strobe  light  that  Dr  Chlsum  Just 
mentioned. 

That  used  to  be  a problem  with  an  earlier  generation.  That  problem  was  that  a sudden 
flash  of  light  would  saturate  and  you  would  get  s "blooming"  of  the  goggles.  This  is 
no  longer  a problem.  They  have  a damp-  - it  automatically  damps  down  and  it  i»  not  such 
a large  problem  any  more.  You  don't  have  to  do  anything.  In  fact,  they  provide  some 
bit  of  major  protection. 

Referring  to  your  question  before,  Colonel  Tredicl,  concerned  with  the  distance  and  your 
objections.  I feel  that  that  is  not  only  an  aviation  problem,  it  is  also  a problem  for 
the  Army  people,  for  the  ground  people,  for  the  armored  cars,  and  my  question  is  what 
do  the  Army  soldiers  do  in  the  same  case? 

They  were  originally  developed  for  the  ground  uae.  There  has  not  been  that  much  exper- 
imentation done  on  the  ground  with  them,  I know  of  one  study  and  only  knew  of  it  second 
hand  about  a mechanised  group  that  just  navigated  over  some  known  terrain  so  that  they 
could  do  it. 

In  the  United  States,  Dr  Berson,  of  Harvard,  who  works  at  their  E.lectrophysiology  Labor- 
atory, is  using  a night  vision  goggle  for  retinitis  pigmentosa  patients.  Retinitis  pigmen- 
tosa robs  you  of  your  night  vision  very  quickly.  You  still  can  see  centrally  and  in  the 
daytime  but  very  little  at  night.  So,  they  have  had  some  medical  application  in  that 
respect. 

Have  you  run  any  experiments  in  helicopters  in  making  precision-type  of  landings? 

Don't  you  believe  that  a reduction  of  40  degrees  in  the  visual  field  in  each  eye  would 
Interfere  with  the  pilot's  vision  and  performance? 

Again,  I can  only  repeat  that  our  experiences  have  been  restricted  to  rotary  wing  opera- 
tions and  the  reduction  in  the  field  has  not  caused  any  problems;  however,  very  few  pilots 
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have  been  cleared  to  ua«  thaaa  yet  and  to  vhan  tha  eky  baccnaa  a bit  more  crowded,  than 
It  might  become  a larger  problaa.  Landing  la  not  a problaB. 


DRAB GBR: 


WILEY: 


TREDICI : 


KNAPP: 


TREDICI: 


KNAPP: 


Did  you  try  to  hava  an  optical  magnlf lcation  baaldea  alactrlcal  ay ■ tarns , aapadally  for 
high  apaed  flying  planaa?  Thla  could  be  utaful  for  tha  pilot  to  dlalnlah  hla  visual 
fit Id  but  to  lncraaaa  hla  magnification-  Do  you  uae  it  Ilka  a telcscopa? 


No,  not  with  the  goggles.  There  are  other  light  amplification  ayateaa  that  do  this,  but 
I don't  envision  that  these  goggles  will  be  changed  that  auch  to  include  that.  I think 
they  will  stay  with  unity  nagnif lcation. 


There  Is  a vary  basic  probleo  here.  He  Is  already  down  to  20/70  vision  and  It  la  resolu- 
tion that  counts  so  that  magnifying  an  object  that  cannot  be  resolved  Is  like  looking  at 
a newspaper  photograph  which  Is  made  up  of  spots  and  then  putting  a magnifying  lens  on 
It,  You  do  not  see  tha  picture  any  note,  you  see  black  and  white  dots,  and  that  would  be 
worse. 


I don't  think  anyone  should  get  the  idea  from  this  presentation  that  these  night  vision 
goggles  now  are  the  cure-all  of  the  problem  with  night  flying.  We  have  to  be  very  careful 
with  this — it  is  more  of  an  experimental  device  because  it  has  been  decided  that  it  will 
provide  enhancement  of  night  tactical  maneuvers  for  US  Army  helicopter  operations,  and 
the  operational  people  are  puahlng  very  hard  for  this  piece  o'  equipment.  It  has  reached 
about  the  ultimate  In  its  design  capsbillty  or  close  to  it.  We  may  be  able  to  cut  the 
weight  s little  bit,  but  It  probably  has  reached  about  as  high  a degree  of  refinement 
as  Is  possible.  It  will  cause  some  problems,  as  Dr  Wiley  mentioned — overconfidence. 

The  pilots  may  think  they  can  see  more  than  they  really  can.  And  it  is  going  to  take 
a lot  of  care  on  the  part  of  our  medical  people  end  people  Involved  In  vision  to  make 
sure  that  we  do  not  create  accidents,  get  ourselves  into  more  problems  than  we  solve  by 
the  night  vision  goggle. 

Your  graphs  and  charts  prove  that  moat  people  would  not  want  them  when  the  moon  Is  out 
or  maybe  when  It  la  a half  moon,  but  when  you  get  down  there  to  the  real  scotoplc  vision 
you  haven't  got  anything  else.  You  are  either  going  to  sit  on  the  ground  or  you  are 
going  to  try  and  use  these  devices. 

There  will  be  one,  or  two  of  these  devices  in  every  aircraft  for  every  pilot  no  matter 
what  type  of  flight  operations  they  are  performing,  whether  they  be  rescue  or  whatever 
that  would  be.  That  or-ens  up  some  questions  that  yet  need  to  be  answered.  Can  every 
Individual  with  any  type  of  visual  function  use  them!  Use  them  effectively.  Or  do 
they  use  them  with  glasses?  If  a perso.i  wears  glasses  and  he  is  supposed  to  wear  them, 
does  he  have  to  take  his  glasses  off?  Is  there  some  special  training  required?  We  have 
not  even  begun  to  touch  on  these. 
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RBSUHE 

Lea  Atudea  concarnant  1' Abloulaaeaent,  la  neaure  dea  teapa  de  rAcupAration,  1'efflcacitA  de 
aystbaes  proteoteura  condultea  ehea  l'hoaae  interdiaent  de  rAaliaer  dea  atlaulationa  nociceptives  et  font 
gAnAraleaent  appel  h dea  techniques  pureaent  peychophye io 1 ogiquea . Le  but  de  ce  travail  eat  la  deacription 
d'ua  ensemble  de  aAthodaa  dAveloppAea  choa  l'aniaal,  le  lapin  et  le  priaate  KACAL'A  XULATTA,  afin  de  aettre 
aa  Avidence  lea  aodlfioationa  Alectrophyaiologiquea  et  coaporteaentalea  apportAea  par  un  Abloulaaeaent 
ainsi  que  la  aesure  dee  teapa  de  rAoupAratlon. 


L' Abloulaaeaent  eat  un  dAficit  tenporaire  de  la  perception  vlauelle  ches  un  aujet  aouaie  h 
une  Anergie  luaineuae  intense,  tout  au  aoina  plua  AlevAe  que  celle  dAflniasant  aon  niveau  d'adaptation. 

II  ooaporte  dea  phAnoabnes  Aleetrophyalolofiquea  et  biochiaiques  au  niveau  de  la  rAtine,  dee  voieo  et 
relaia  du  message  viauel,  dea  airea  de  projection  priaairea  et  aaaociativea  ; le  phAnoabne  biochiaique  et 
corrAlativeaent  Alectrophyaiologique  rAtlnien  eat  le  plua  iaportant. 

Le  teapa  de  rAcupAration  ou  teapa  de  reatauration  (recovery  time),  teapa  ais  par  le  ayathae  viauel  pour 
retrouver  une  fonction  partielle  ou  totals  conatitue  une  aaaure  de  1* Abloulaaeaent  ; habltuellenent  11 
a'agit  du  teapa  aia  par  le  aujet  expoaA  pour  retrouver  une  acuitA  vlauelle  doonAe.  Cette  notion  eat,  dane 
ce  travail,  Atendue  h la  aesure  du  teapa  nAcesaatre  pour  aue  lea  actiritAa  Alectrophyaiologiquea  du  systb- 
ae  viauel  et  plua  particullbroaent  1'AlactrorAtinograaae  (ERG)  retrouvent  lea  caraotbrea  aorphol ogiquea  et 
teaporela  d'aotivltAa  AvoquAs  par  dea  atlaulationa  supra- liainairea  aaia  de  faible  valeur,  priaea  ooaae 
tAaoina.  Catte  Atude  concerns  chea  l'aniaal,  lapin  ou  stage,  auni  d'Aiectrodea  chronlqueaent  laplantAea 
l'analyae  de  la  rAcupAration  de  1'AlectrorAtinograame  et  dea  potentiela  AvoquAs  (PE)  recueillia  au  niveau 
dea  oorps  genouillAs  latArauz  et  dea  airea  de  projection  priaairoa  aprbs  Abloulaaeaent  par  un  flash  de  for- 
te puissance.  Elle  ooaporte  l'Atude  dea  actlvitAa  Alectrophyaiologlqusa  AvoquAea  par  le  atlaulua  Abloulsaant, 
aaia  aurtout.b  I'alde  de  la  technique  dea  doublea  atlaulationa, l'analyae  de  phAnoabne  de  reatauration  d'ac- 
tivitAa  Alectrlquea  analogues  b cellea  obtenuec  lors  de  stimulation  tAaoin.  Ches  le  singe  elles  associent 
la  aeaure  do  teapa  aia  par  le  aujet  pour  peroevoir  un  ayabole. 


HETEODE 

1 - FREPARAT10B  EEUROPHTSIOLOGIQUE 

Sous  aneathAsie  locale  ches  le  lapin  et  gAnArale  chea  le  singe  aprbs  fiiation  dana  un  appareil 
de  atArAotazie,  lea  anlaaux  aont  aunla  d'Aiectrodea  aono  ou  bipolaires.  Chet  le  lapin  de  la  race  Pauve  de 
Bourgogne,  lea  Alectrodea  aont  rAparties  aur  le  cortex  noteur,  loaeathAaique  et  viauel  et  au  niveau  de 
l'hlppocaape  dorsal,  pour  la  vole  vlauelle,  au  niveau  du  eorpa  genouillA  latAral,  du  oolllculua  supArieur 
et  daa  airea  viauelles  de  projection  priaaire.  Chea  le  Macaque  de  3 h 5 kga,  12  b 27  Alectrodea  ae  rAper- 
tlasent  b la  surface  du  oortes  et  au  niveau  du  oorps  genouillA  et  dea  airea  vieuellee  de  projection  prise i- 
re  et  associative.  Lea  Alectrodea  de  rAfArence  aont  plecAee  l'une  derribre  le  globe  oculalre,  l'autre  2 ca 
en  avant  du  bragaa  ches  le  lapin,  aur  la  aaltolde  ohas  le  aacaque.  Lea  Alectrodea  aont  soudAes  h un  connec- 
teur  verrouillable  fizA  aur  le  ordne  et  noyA  dana  une  rAaine  acryllque.  Lea  aujets  ne  aont  utlliaAa  qu'un 
aois  aprbs  l'iaplantation,  et  entralnAa  b raster  iaaobilea,  sens  aucune  prAaAdication  dans  une  bolte  b 
contention  ou  aur  un  slbge.  La  tete  eat  flxAe  aur  un  support  b l'aide  de  bande  Velcro  ou  pour  lea  singes 
dans  un  casque,  adapt A et  rAaliaA  pour  cheque  aujet. 

ERG.  L'Alootrode  de  aesure  eat  conatituA  d'un  fll  d'argent  de  9/l0  de  as  protAgA  par  une  gaine  de 
nylon.  3ur  cette  dernibre,  un  fll  de  culvre  ou  d'argent  de  aSae  diaabtre  enroulA  en  spire  Jointive  et  reliA 
b la  terra  perset  d’obtenir  un  conducteur  flexible  et  aurtout  de  ainiaiaer  1'artAfact  de  stiaulatlon. 

L' enaeable  eat  aontA  aur  un  diapositif  que  l'on  fixe  avant  chaque  expArience  aur  le  connecteur  d'Aiectrodea 
de  l'aniaal.  L'eztrAaitA  de  l'Alectrode  de  assure,  une  boule  ephArique  de  1 aa  ou  un  anneau  de  5 aa  de  dia- 
abtre eat  aaanAe  alora  au  contact  de  la  cornAe,  prAalableaent  aneathAsiA  b l'aide  de  BOVESIRE  et  protAgA 
par  un  collyre  b la  aAtbylcellulose.  Lea  anlaaux  aubieaent  tous  avant  touts  expArience,  un  exaaen  du  fond 
de  1'oeil,  de  la  ebaabre  antArleure  et  du  cristallin.  Lea  ezpArlenoea  aont  toutea  rAalisAes  la  pupille  en 
aydriaae  aprba  installation  rApAtAe  d’hoaatr opine. 

2 - EEREOISTREEEET 

L'enregistreaent  cat  rAaliaA  en  dArivationa  aonopolairea.  Le  signal  eat  aaplifiA  b l'aide  d'une 
chains  de  prAaapllficateui*  aaplificatouai  et  enregistreuragraphiqu® de  8 b 16  voles.  II  eat  recuailli  b la 
sortie  dea  prAaaplificatcurs  aur  bande  aagnAtique  analogique  b l'aide  d'un  enregistreur  b frAquenee  porteuse 
(bande  peasants  DC-5000  Ha).  La  conatante  de  teapa  introduite  b la  sortie  de  I'Atage  aaplificateur  eat  de 
0,7  a pour  1'AlectrorAtinograaae,  0,1  pour  lea  actlvitAa  Alectrlquea  cArAbrales. 

Un  ^AnArateur  d'iapulaion  programmable  dAlivre  lea  iapulaiona  de  synchronisation,  bate  de  teapa  et  lea  ia~ 
pulaiona  de  dAclencheaent  dee  diffArenta  gAnArateura  d'Aclat  aurvenant  chacun  aprba  dea  dAlaia  rAglables, 
tout  d'abord  pour  le  atlaulua  Abloulsaant  pula  pour  lea  atlaulua  teats. 
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3 - ANALYSE  DBS  SIONAUX 

On  dispoae  laaAdiateaent  da  l'enreglatreaent  graphique  mail  an  fait  Isa  assures  aur  l'Alectro- 
rAtiaograaae  at  laa  rAponaea  AvoquAea  sont  rAalisAea  aprAa  traltsasnt  du  eignal  analogique.  Ce  trsitsasnt 
coaporte  la  conversion  tnalogique  nuaArlque  daa  signaux,  leur  alas  an  aAaoire  A l'alde  d'un  petit  calcula- 
teur  coaprenant  aultiplaxeur,  oonvortisaeur  analogique  nuaArlque,  aAaoire  centrale  da  16  X do  8 blta  at 
unit A da  visus Heat Ion.  be  convert iaseur  analogique  nuaArlque  code  aur  8 ou  16  bits.  La  frAquence  d'Achan- 
tlllonaa#  utiliaAe  gA&Araleaant  eat  da  10  KHs. 

La  conversion  analogique  nuaArlque  eat  rAaliaAe  an  nAthode  d' extraction  algnal/bruit,  utilisant 
aeit  le  aoyennage , aoit  la  aultl  Achantillonnage loraqua  la  fonction  analysAe  eat  atationnaire  at  ceci  aur 
daa  aoyennes  da  5 rAponaea  AvoquAea  ou  le  plua  aouvent  loraqua  la  atinulation  aat  iaportante  at  qua  lea 
conditions  de  atatlonnaritA  ne  aont  paa  respaotAes  an  fac  aiallA,  rAponae  aprAa  rAponae. 

La  prAcialon  absolue  dea  aeaures  de  teapa  eat  liAe  A la  frAquence  d' Achantlllonnage  ; alia  eat 
de  l'ordre  de  0,2  as.  Lea  assures  dea  aaplitudes  dea  rAponaea  AvoquAea  se  font  par  rapport  A la  ligne  iao- 
Aleotrique  AvaluAe  par  calcul  aur  l'Aohantlllon  du  signal  prAoAdant  la  atlaulation  ou  pour  1' AlectrorAtlno- 
graaaa  par  rapport  A l'aaplituda  aaxiaala  de  l'onda  a at  pour  lea  potentials  AvoquAa  par  rapport  A l'aapll- 
tude  aaxiaale  de  la  preaiAre  coapoaante.  La  prAelaion  aat  da  l'ordre  de  5 

On  prograaae  d'analyae  nuaArlque  peraet  Agaloaent  de  caleuler  autoaatiqueaent  cea  paraaAtrea 
at  d'effectuer  llaaage,  filtrage  dea  grapbea,  calcul  de  la  fonction  d'auto  at  d' IntercorrAlation  at  apectra 
de  densltA  de  puissance. 

4 - PARA  METRES  OPTIQUES  DE  STIMUUTIOH 

(a)  NIVEAU  D' ADAPTATION  Lea  aniaaux  sont  placAa  dans  un  caisson  expAriaental  dont  l'Aclai- 

reaent  nasurA  par  dea  laa£es  MAZDA luaiAre  du  jour,  aliaentAe^ous  une  tension  variable  varie  de  0 A 350  Lux. 
La  aeaure  de  l'Aclalreaent  eat  aasurde  en  routine  A l'aide  d'une  cellule  photoAlectrique  METRIX  auivi  d'un 
aultiaAtre  ; lora  dea  Atalonnagea  de  prAcialon  pour  lea  Aclaireaenta  supArieurs,  A 3 lux  A l'aide  d'un 

luxaAtre  CBAUVIN  ARHOUX  type  Polycontrfile  94  et  pour  lea  Aclairaaenta  infArieura  A 3 Lux,  A l'aide  d'un 
photoaultiplicateur  coaportant  filtre  photopique  de  correction  et  diffuaeur.  La  prAcialon  dea  aeaures  eat 
de  2 

(b)  STIMULATION  TEMOIN  (8)  Le  atlaulua  teat  a AtA  choiai,  pour  obtenlr  chat  un  aujet  adaptA 
A 1'obacuritA  un  AlectrorAtinograaae  coaplet  c'eat-A-dire  poaaAdant  une  onde  a,  dea  ondea  e et  une  onde  b^ ■ 
II  s'agit  d'un  Aclair  de  luaiAre  blanche,  de  durAe  de  0,3  aa,  Asia  sous  une  pulaaance  de  0,3  joule  provo- 
quant  au  plan  de  la  cornAe  un  Aclaireaent  aaxiaua  de  1800  Lux  survenant  0,1  as  aprAa  le  dAclencheaent  de 
l'Aclair  et  une  luaination  de  5 Lux. a.  Lea  aeaures  ont  AtA  rAalisAea  A l'aide  d'un  photoaultiplicateur 
IENA  coaportant  un  filtre  photopique  et  lea  iapulslona  sont  viauallaAes  aur  oscilloscope  A aAaoire. 

(c'  STIMULUS  EBLOUISSANT  (?)  II  eat  dAlivrA  par  un  flash  au  XAnon  BALCAR  T 100  S aituA  au  centre 
d'un  diffuaeur.  A la  base  de  ce  dernier,  ayant  la  foraa  d'une  calotte  hAaisphArique,  il  exiate  une  plaque 
aAtallique  noire  dont  le  centre  eat  AquipA  A la  deaande  d'un  diaphragae  d'ouverture  variable  et  do  filtreo 

neutrea  de  diffArentes  denaitAs  peraettant  de  fairs  varier  A la  fois  le  diaaAtre  du  faisceau  et  la  valeur 

du  atlaulua. 

II  opAre  A la  puiaaance  variable  de  150,  300,  600  et  1200  joules.  Sa  teapArature  de  couleur 

eat  de  5500°K  et  la  durAe  de  l'Aclair,  variable  selon  la  pulaaance  aeaurAe  A la  deni-hauteur  de  l'inpul- 

sion  eat  reapectiveaent  de  0,75«  0,87,  1,5  et  2 ns.  Lea  aeaures  au  plan  de  la  cornAe  dea  stimulations 
effectuAea  aont  rasaeablAea  dana  le  tableau  1 . 

Lea  aeaures  ont  AtA  rAalisAea  A l'aide  d'un  photoaultiplicateur  IENA  AquipA  d'un  filtre  photo- 
pique et  protAgA  par  un  filtre  neutre  de  densitA  4 et  d'un  circuit  de  photodiode. 

5  - PROTOCOLE  EXPERIMENTAL.  la  noabre  de  lapiraetudiA  eat  de  85,  de  priaatqa  de  12. 

(a)  EXPERIENCES  PRELIMIHAIRBS  II  s'agit  da  l'Atude-de  l'effet  de  l'adaptation  aur  1'Alectro- 
rAtinograaae  pour  6 niveaux  d' Aclaireaent  A 0,12,  15,  6,5,  68  et  270  lux.  Le  atinulus  Atant  un  Aclair 

Xenon  de  150  joulea  type  A. 


TABLEAU  1 


STIMUUTIOH 

PUISSANCE  A L' EMISSION 
en  joulea 

INSTANT  DE  L' ECLAIREHENT 

MAXIMAL  en  aa 

mm 

A 

150 

0,1 

1 ,07. to5 

270 

B 

300 

0,2 

2.105 

540 

C 

600 

0,3 

2,8, 105 

1070 

D 

1200 

0,4/ 

3,95. 105 

1680 

-de  1'intenaitA  de  la  atlaulation  aur 

1' AlectrorAtinograaae  du  lapin  ou  du  singe  adaptA  A 1'obacurltA,  le  atlaulua  Atant  toujours  dAlivrA  par 
le  flash  XAnon,  A une  puiaaance  A = 150  joulea  nais  dont,  1' intenaitA  et  la  luaination  variaient  par  inter- 
position de  filtrea  neutrea  et  de  diaphragae  entre  300  Lux. a et  0,0075  Lux. a. 

(b)  EXPERIENCES  CONCERN ANT  L'EBLOUISSEHENT  FROPREMENT  DIT 

Toua  lea  aniaaux  Atant  adaptA  A 1'obacuritA  pendant  30  ainutea,  11  a AtA  rAallsA  : 

- L’Atude  de  la  rAcupAration  de  l'ERS  AvoquA  par  le  flash  S A la  suite  de  la  atlaulation  pro vo- 
quAe  par  le  flash  S lui-aSne,  l'intervalle  de  teapa  sAparant  lea  2 atlaulua  variant  entre  20  aa  et  30s. 

- L'Atude  de  la  rAcupAration  de  l'ERS  AvoquA  par  le  flash  S A la  suite  d'un  Ablouiasement  ia- 
portsnt  provoquA  par  le  flash  ? pour  lea  4 valeura  de  atlaulation  A,  B,  C,  D. 

Le  protocole  coaprsnd  alors  ; 

- La  dAlivrance  de  10  Aclalra  S aapacAa  de  30  a,  la  aoyenne  dea  activitAa  recueilliea  Atant 
pria  coaae  tAaoin. 

- 30  a aprAa  lr  dernier  Aclair  S,  l'Ablouiaseaent  par  lo  flash  P. 

- L'Atude  de  la  rAcupAration  par  une  sArio  d' Aclair  S survenant  5 a aprAa  P et  toujours  espa- 
cA  enauite  de  30a,  pendant  10  A 15  an. 


C8-3 


- Ches  1*  primate,  l'aasociatioa  A*  1 ' expdrience  prdcddente  eveo  1*  prdseatatlsa  de  symbol*. 

C«  dsrnisr  + ou  - dolalrd  an  lumiAr*  Jaunt  aoua  un*  luminance  da  0,5  Hit  spparait  10  a aprAs  X*  stimulus 
dbXoulaaaat.  La  sujst  peroetant  Xa  signal  appuia  aur  ua  Xavlar,  rapolt  aXora  une  rdcaapea aa  as  arrttant 
Xa  sdquence  da  prdaentation.Le  taapa  da  rdponaa  aat  aesurd, 

RESULTAT 

1 - EVOLUTION  DE  L' ELECTROS ST I* OGRAKKE  KVOQUE  PAR  LE  STIMULUS  TEST  S APRES  EBLOUISSBMEMT  PAX  CE  STIMULUS 

CHEZ  LE  1APIM  (graphique  n«  l) 

- La  pdriode  rdfraotaire  abaoXua  au  court  da  laquelle  une  2Aaa  stimulation  m'dvoqut  aucune 
actlvitd  dleotrophysiologiqu*  aat  da  52  aa  - 7 aa. 

, - La  rdapparltion  daa  dldments  da  X'ERO  aa  fait  dana  l'ordra  b. , a,  b_  at  Xaa  pdrledaa  rdfrac- 
tairea  correapondantes  aont  da  62  - 7 92  - 8 at  142  - 10  aa. 

- Laa  ondea  a,  b , b.  augmentent  prograsaiveaent  d'amplitudea  Juaqu'A  oa  qu'ellea  reviennent 
A Xa  valeur  tdaoin. 

La  orolaaanoa  Ua  X'onda  b.  aat  ralativemant  pXua  raplda  qua  calXa  da  a at  b.. 

On  raaarqua  qua  X'onda  b.  attaint  una  valeur  abaoXua  maximal*  aupdrlaura  A X'anpXituda  apparan- 
ta  da  b.  at  qua  Xaa  anpXltudaa  da  b*  et  b,  aoat  alora  aanaiblaaant  dgalss  Xoraqua  l'iatsrvalls  antra  lea  2 
at  inula  lions  aat  coaprla  antra  1,750  at  2.000  a.  + + 

- La  taapa  da  rdcupdration  da  b. , a at  b.  aont  reapaatlveaant  da  2 - 0,2,  10  a - 0.3  at 

20  ~ 0,5.  1 

L'iaprdcialon  da  oea  naauraa  eat  eaaentialleaent  due  au  fait  qua  la  Vitesse  da  rdoupdraratlon 
aat  plus  Xante,  loraque  l'dcart  antra  las  2 stimulus  au gments  at  caci  aurtout  A partir  da  500  aa. 

Au  eours  daa  diffdrentea  dtapaa  da  la  rdcupdration  da  l'ERO,  on  retrouae  laa  aapecta  morpholo- 
giquee  da  cetta  activitd  dlectriqua  pour  diffdrenta  niveaux  d'dclalranant. 

L'dldvation  du  niveau  d'dclairenent  d'adaptation  diainue  l'anplltuda  da  a,  b,  at  b~,  mais  la 
senaibllitd  n'aat  pas  la  mfae  pour  las  divers  dldnents  (graphique  n°  2 exprimant  obaa  10  lapin!  cetta  dvo- 
lution).  Pour  0,12  Lux  b.  at  b_  sont  A pau  prAa  d'dgale  anplltuda,  pour  68,  6,5  at  1,5  Lux  a at  b_  aont 
da  plus  an  plus  grandee  el  las  ondea  sont  apparuea,  pour  270  Lux  a at  b,  sont  trAs  patitas  alors  qua  b^ 
eat  pratlqueaent  ddpourvue  d' ondea  a. 

2 - EVOLUTION  DE  L'ERG  EH  FOKCTION  DE  L'lNTENSITE  DE  LA  STIMBLATIOH  CREZ  UN  ANIMAL  ADAPTS  A L'OBSCURXTE 

Lea  expdriences  prdlininairea  cbas  la  lapin  at  la  sin X*  an  utilisant  un  dclair  da  flash  Xdnon 
opdrant  A 150  Joules  et  en  interposant  daa  f litres  neutrea  aaanant  au  plan  da  Xa  cornda  diffdrenta  dclai- 
rcaents  naxina  variant  antra  200.000  Lux  at  0,05  Lux  ont  perais  da  prdclsar  daa  rdsultats  gdndraleaent 
adnis.  L'dvolution  est  conparable  cbas  la  lapin  at  le  singe  ; souls  les  seuils  different. 

(a)  N0RFH0L00IE  (illustration  graphique  n°  4) 

Loraque  le  stimulus  s'dlAve  l'dlectrordtinogramae  passe  par  plusieurs  stadea  qua  l'on  peut 
schdmatiaer.  L'ERG  eat  conatitud  uniqueaent  par  una  onde  positive  honogAne  qua  son  aspect,  aa  durde,  aa 
latence,  et  le  ddlai  de  son  aaplitude  saxisale  peraettent  d'identifier  avec  l'onde  b_  (STADE  I lntensltds 

2 A 4 ).  Puis  l'onde  a et  b,  apparalssent  sals  cetta  derniAre  est  inconpldtenant  ddvaloppde  et  l'onde  e_ 
eat  alora  trAs  nette  (STADE  II  DE  TRANSITION patens.  4 A 6).  Ensuite  l'onde  a est  parfaitenent  dessinde 
et  l'onde  bf  coaporte  3 ondaaebien  diffdrencides  (STADE  III,  intens.  7 A 9 ).  L'onde  e enfin  tend  A se 
fondre  dans  l'onde  b.  et  n'apparait  plus  que  coaae  un  ddcrocbeaant  de  la  partis  ascendant*  de  l'onde  b 
(STADE  IV,  intens.  9 » 10  et)1<) . Dana  laa  deux  derniers  stadea,  Is  morphologic  da  l'onde  a dvolue  pour 
Atre  aayadtrique  et  pointue  puis  parfaitenent  aymdtrique  A sonnet  arrondi  enfin  A sonnet  dddoubld. 

(b)  AMPLITUDES  ( graphique  n°  3 exprinant  l'dvolution  gdndrale  aur  10  anlsaux) 

Les  seuils  de  a et  b aont  voislns  et  supdrieurs  d' environ  3 unitds  log  A celui  da  b . 

Les  relations  anplitude/intenaitd  pour  a et  b_  sont  d'allure  logaritbnique.  IX  n'exiate  pas 
dans  cetta  gaane  de  variation  du  stimulus  de  saturation  at  les  variations  s'dtendent  aur  environ 
6 unitds  log  pour  b2  3 unitds  log  pour  s. 

- L'onde  b1  ae  prdsente  lnaddistenant  coaae  une  diffdrenciation  de  la  psrtia  ascendants  de 
l'onde  b et  son  amplitude  est  dans  le  sauil,  environ  la  aoitid  de  ce  qu'elle  sera  A l'iatensitd  la  plus 
dlevde.  Si  l'on  tient  conpte  de  la  superposition  de  la  par tie  initials  de  b,  A l'onde  b. , il  senble  done 
que  1 'amplitude  de  cette  derolAreB9arie  pas  aveo  l'intensitd  da  la  stimulation. 

- Si  les  variations  dvoluent  d'un  animal  A 1'autre  dans  le  mAae  sans,  la  dispersion  das  valaurs 
absolues  obtenuea  A un  stimulus  donnd  eat  lmportante,  d'un  facteur  2 A 3. 

(c)  EFPETS  SUR  LES  DELAIS 

Pour  l'onde  a le  ddlai  varie  en  fonction  inverse  da  l'intensitd  da  la  stimulation  depuis  le 
aeull  Juaqu'A  la  valeur  maximale  du  stimulus. 

Le  ddlai  du  soamet  de  b_  diainue  dgalenent  aux  fortes  lntensltds  mais  pour  les  faibles  in tenet- 
tde  et  an  particulier  loraque  a et  c.  n'existent  pas,  il  eat  moins  dlevd  qu'aux  lntensltds  aoyennes. 

Les  ddlais  de  e1  et  e-  diminuent  quand  l'intensitd  augments. 

Le  comportement  de  e^  est  plus  difficile  A systdmatiser. 

3 - EVOLUTION  DBS  ACTIVITES  ELECTROPHTSIOLOGIQUES  DE  LA  RETIRE  POUR  LES  STIMULUS  ELEVES  A,  B,  C,  D 

CHEZ  LE  LAPIN 

(a)  EVOLUTION  MORFHOLOGIQUE  DE  L'ERG 

La  morpbologie  de  l'ERG  eat  dans  1' ensemble  celle  du  stade  III  ddcrit  plus  haut.  (graphique  n°  6) 

L'onde  a prend  une  importance  relative  et  absolue  considdrable  at  un  aspect  asses  caractdristi- 
que  A deux  aommets.  Pour  la  valeur  maximale  du  stimulus  , stimulation  C,  il  apparait  dans  15  % des  cas  cbes 
le  lapin  et  30  % des  cas  ches  le  singe  une  morpbologie  psrticuliAre  de  l'ERG  conatitud  presque  exclusive- 
men  t de  l'onde  a et  il  semble  que  la  saturation  de  l'onde  a soit  effectivement  rdalisde. 

(b)  EVOLUTION  DTHAWQUE  DE  L' ELECTRORETIHOGAAMME  EVOQUE  PAR  LE  PUSH 3 APRES  EBLOUISSEMENT 
PAR  LE  FLASH  B 

Lea  tableaux  2,  3 rdeument  la  dynamique  gdndrale  du  processus  ches  le  lapin  lorsque  la  stimu- 
lation est  le  stimulus  D (nombre  de  sujets  ; 85). 


Taleur  tdnoln 


Interralla  da  tanpa  an  a 

5 

50 

?5 

50 

130  l 

5 

70 

60  l 

10 

29 

20 

>2 

2 3 

53 

142  l 

2 

76 

9°  J 

5 

33 

30 

A5 

t 5 

75 

170  Z 

4 

91 

195  i 

7 

72 

40 

48 

;2 

80 

175  | 

5 

9* 

200  s 

2 

74 

68 

50 

; 6 

83 

190  l 

5 

102 

235  | 

5 

87 

90 

53 

l 7 

88 

zoo  i 

10 

108 

255  i 

6 

94 

120 

55 

l 8 

91 

180  l 

4 

101 

260  i 

5 

96 

150 

58 

?e 

96 

189  J 

3 

102 

268  2 

6 

99 

160 

59 

| 9 

96 

190  l 

7 

102 

268  2 

3 

99 

210 

60 

2 10 

100 

185  l 

6 

100 

268  Z 

7 

99 

240 

62 

1 12 

103 

188  r 

7 

101 

272  | 

5 

100 

270 

63 

i io 

105 

188  i 

8 

101 

270  Z 

7 

100 

300 

60 

Z 12 

100 

190  i 

10 

102 

270  - 

7 

100 

TABLEAU  3 


WOLOTIOI  BBS  DELAIS  K0TE31S  El  PRIMES  El  «i 


« 

*1 

*2 

*3 

13,4 

19,5 

25,2 

35,8 

11,5 

12 

17 

18 

23 

24 

32 

34 

13,5 

19 

25.8 

35,1 

13.3 

19,2 

25,3 

35.2 

13.8 

19.5 

25,2 

35,6 

13.4 

LL4 

19.5 

^.5- 

25.2 

- -21.2  

35,6 

25a£ 

la  tableau  4 rdsuae  Involution  da  l'aaplitude  das  ondea  a.  b, , b_  cbea  la  lap In  aprfce  lea 
atlnulationa  A,  B,  C,  0.  L'aaplltude  eat  expriate  an  pourcentafe  da  la  valour  tdaoln. 


TABLEAU  4 

’ALLE  DE  TEMPS  EMTRE  LE  STIMULUS  KBLOUISSAIT  ET  LE  TEST  El  S 


O&io  bi 


Onda  b. 


5 

10 

30 

60 

90 

120 

150 

180 

A 

95 

95 

112 

117 

110 

116 

118 

1 15 

B 

96 

95 

iio 

140 

115 

t to 

iio 

110 

C 

60 

71 

105 

120 

121 

122 

130 

123 

D 

50 

51 

75 

83 

88 

91 

96 

98 

A 

92 

103 

110 

115 

106 

107 

115 

112 

B 

90 

95 

105 

105 

110 

116 

115 

120 

C 

85 

91 

98 

102 

102 

100 

108 

118 

D 

70 

78 

91 

94 

108 

101 

102 

102 

A 

_ 

85 

96 

104 

106 

106 

105 

105 

B 

- 

75 

92 

100 

102 

105 

111 

106 

C 

- 

58 

92 

98 

110 

105 

94 

108 

D 

29 

35 

72 

87 

94 

96 

99 

99 

On  conatate  qua  laa  tanpa  da  rdcupd ration  variant  trta  rapidenant  avac  la  valour  da  la  atlau- 
latlon  at  qua  la  raatauratlon  complete  aat  aouvent  plua  lente  at  toujoura  pitta  difficile  A dvaluer  qu'une 
reatauration  relative  A 75  ou  80  $ de  la  valsur  tdaoin  initiala. 

La  teapa  da  ricupdratlon,  A la  valour  aaziaale  D de  la  atiaulation  aara  pour  une  raatauratlon 
couplAte.d*  1A2  an  pour  a at  b,  at  de  3 an  pour  b,,  da  l'ordre  da  30  a pour  a,  10  a pour  b.  at  40  A 50  a 
pour  b,,  al  l'on  4 value  une  raatauratlon  A 75  % da  l’aapect  initial.  II  apparait  dgalenent  qua  la  retour 
aux  vaieura  antdrieuraa  n'aat  effect if  qua  3 nn  aprAa  l'dblouiaaenent. 

La  tableau  5 rdauae  cea  tanpa  de  rdcupdration  (an  a). 


TALEUH  DE  LA  3TI- 
IDLATIOR  EBLOUISSAITE 
A 
B 
C 
D 


TABLEAU  5 

LA  VALEUR  IKITIALE  ERO  TEMOIH 


5 

5* 

u, 

20‘ 

10 

10 

30 

25 

60 

50 

130 

90 

140 
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4 - rroLQTioa  ds  u recuperation  ds  l'Mg  cm  u macaque  comditioxw 

L'd volution  d«  la  rdcupdration  da  l'ESO  chei  la  aaoaqua  n'aat  paa  fondaaaatalaaant  diffdrente 
da  l'ERG  chat  la  lapis  at  la  dynaalque  fdndrsle  du  prooaaaua  aat  auparpoaabla.  La  problkae  poad  aat  da 
aavolr  k quel  aoaant  l'aaiaal  perqoit  aana  aabigultd  la  ayabole  luaineux  qui  lui  aat  prdaaatd. 

Laa  expdrienoes  aont  aetuallaaant  liaitdes  k ua  noabre  aatraint  da  aujeta,  aala  11  apparalt 
qua  pour  las  ralaura  da  la  atlaulatian  4 at  D,  la  paroaption  du  ayabole  ootaeida  avao  uni  rdcupdration  da 
l'oada  a at  bj  au  aolm  dgal#  k 75  $ da  la  valsur  initial#  (tablaau  6). 

TABLEAU  6 

VALKUR  DBS  OMDBS  a ET  b?  KXPRIWC8S  EN  % DS  LA  VALSUR  IHIT1ALE 


Omda  a 


INTKRVALLE  DE  TEXTS  ECOULE  (en  a) 


STIMULATION 

5 

10 

20 

30 

40 

60 

90 

120 

160 

A 

85 

92 

95 

98 

100 

102 

105 

102 

105 

D 

46 

45 

60 

75 

92 

98 

100 

110 

115 

Oade  b2 
STIMULATION 
A 

60 

75 

85 

98 

100 

105 

110 

105 

D 

10 

30 

40 

60 

78 

85 

95 

103 

110 

TEXTS  HIS  POUR  LA  LECTURE  DU  SYMBOLE 
A 18 


- 5 


(moy sones  dtabliea  aur  l'anaeabla  dea  12  aujata  at  pour  una  adrie  da  3 expdrien- 


42  a - 10  caa  par  aoiaal). 


DISCUSSION  - CONCLUSION 

L'anaeabla  dea  adthodea  ddcritea  et  illuetrdes  par  quelques  exesplea  a pour  but  l'dvaluation 
de  l'iaportance  d'un  dblouiaseaent  en  a'attacbant  k ddcrire  lea  variations  dee  grandeurs  relldes  da  fajon 
aufflsaaaent  prdcise  k la  sensibilitd  du  systkne  visual. 

Si  l'on  ne  consldkre  qua  lea  variations  dea  activitds  dlectrophysiologiques  dvoqudes  par  un 
stiaulus  teat  aurrenant  k intarvalle  variable  aprks  le  atiaulua  dblouissant,  on  constate  que  l'ERG  est 
le  saul  effectiveaent  relid  dir ec tenant  k l'dtat  de  sensibilitd  du  syatkae  visual,  que  lea  activitds  du 
corps  genoullld  aont  encore  un  teat  acceptable  aaia  qu'il  eat  difficile  d'dtabllr  una  relation  siaple 
entre  Involution  dea  rdponses  dvoqudes  recueillies  au  niveau  des  airea  de  projection  priaaire  ou  aaaocia- 
tive  et  la  rdcupdration  dea  fonctiona  viauellee. 

Ches  le  lapin  coaae  ches  le  priaate  la  aesure  prdeiae  dee  diffdrents  paraaktres  du  potential 
dvoqud , latenoe  du  phdnoakne,  aaplitudes,  ddlaia  et  durde  dea  diffdrentes  coapoeantee  conduit  k dee  va- 
lours dont  la  diaperaion  eat  trks  iaportante.  Si  l'on  peut  ddgager  certsinas  lots  devolution,  lorsque 
l'on  Juge  k niveau  de  vigilance  dgal  et  lorsqu'on  dvalue  lea  variations  du  PEY  aprks  un  atiaulua  unique 
d'intenaitd  croiasanta,  11  eat  beaucoup  plus  difficile  de  ddfinir  Is  dynaalque  de  la  rdcupdration  pour 
une  atiauation  teat  aurvenant  aprka  un  stiaulus  dblouiassnt  important.  II  apparalt  en  effet  que  aouvent 
le  aeesage  provenant  aux  airea  de  projection  priaaire  se  traduit  par  un  PE  peu  aodifid,  alors  que  l'ERS 
ou  mdae  l'activitd  recueillie  au  niveau  du  corps  genouilld  eet  profonddaent  altdrd.  Saule  la  aesure  dea 
teapa  de  tranafert,  k l'aide  dea  fonctiona  d'interoorrdlation  aeable  un  paraaktre  beaucoup  plua  fiddle. 

Coaae  l'ERG  eat  ches  le  lapin  ou  le  priaate  blen  ddflni  au  coura  de  1' adaptation  k la  luaikre, 
Involution  de  sa  aorphologle  et  de  sea  diffdrentes  csrsotdrlstiques  teaporelles  aprks  tin  dblouiaseaent 
apparalt  psrfsiteaent  ddcrite.  Son  dvolutlon  a de  grandes  analogies  avec  oelle  de  l'dlectrordtinograaae 
obtanu  k intenaitd  conatante  asia  pour  dea  mveaux  d'adaptatlon  do  plua  en  plua  faible,  l'onde  b,  eat 
l'dldaent  qui  rdcupkre  la  plua  rapideaent  et  la  rdcupdration  de  a eat  plus  rapide  que  oelle  de  bi.  Bien 
que  l'on  doive  garder  k l'eaprit  que  l'ERG  ne  aet  paa  en  Jeu  l'enaeable  dee  phdnoaknes  de  la  perception 
vlsuelle,  aaia  intdreaae  essentielleaent  1'aspect  pdripbdrique,  encore  que  certaine  auteurs  daettent 
l'bypothkae  d'un  controls  central  aur  aa  rdcupdration,  ce  phdnoakne  est  extrdaeaent  utile  pour  caractdri- 
aer  et  aeaurer  1' dblouiaseaent. 

La  coablnaiaon  de  adthodea  dlectro  et  psyehophysiologiques  ches  l'aniasl,  ddlicate  k aettra 
en  oeuvre  peraet  de  conflraer  cette  conception.  II  aeable  que  ches  le  priaate  l'spparitien  de  l'onde  a et 
de  l'onde  b.  correspond#  dans  la  rdcupdration  aprks  dblouisseaent,  aux  seuila  de  vision  propreaent  dit, 
tout  au  aoins  pour  une  luainanoe  de  Is  tAche  voisine  de  0,5  Hit.  C'est  k ce  aoaent  lk  d'ailleura  seuleaent 
qu'k  niveau  de  vigilance  dgal  (dveil  attentlf),  la  latence  gdndrale  du  PE  priaaire  coaae  l'saplltude  et 
le  ddlai  de  sa  Ikre  coapoaante  aont  voiaines  de  cells  du  PE  tdaoin. 

Certains  problkaes  adthodologiquea  deaeurent  : 

1 - Le  atiaulua  teat  qui  doit  <tre  auffisant  pour  peraettre  1 'acquisition  d'ERG  ooaprenant 
toua  cea  dldaenta  provoque  lui-mlae  un  dblouiaseaent  discret  aaia  non  ndgligeable  et  l'on  doit  tenir  coapte 
de  ce  fait  dans  l'interprdtation  des  rdaultats. 

2 - Dana  lea  expdriencea  psycho-neurophyalclogiquea,  la  prdeentation  du  ayabole  sous  une  lumi- 
nance donnde  conatitue  dgaleaent  une  stiaulatlon  parasite.  II  est  aouhaitable  aoit  de  retarder  la  prdsen- 
tetlon  ayabolique  du  atiaulua  teat  propreaent  dit,  aoit  de  rdaliser  l'expdrience  en  deux  fols  en  diaaociant 
rdcupdration  dea  actlvitda  dlectrophyslologlquea  de  la  lecture  du  ayabole,  aaia  dans  lea  ataea  conditions 
da  stiaulatlon  dblouiasante.  Si  la  luminance  de  la  tlche  viauelle  est  faible,  11  n'apparait  pas  de  diffd- 
rence  significative  entre  lee  taape  4e+rdponae  aeaurda+( pour  la  stiaulatlon  A le  teapa  de  rdponae  eat  de 

16  - 5,  pour  la  stimulation  D de  40  e - 5 contfe  18  e - 5 et  42  s - 10).  II  n's  pas  dtd  possible  d'obtenir 
d'ERG  reproductible  en  utillsant  la  rdponee  on  k une  prdeentation  d'un  ayabole  prolongd  pendant  10  s. 

Cet  ensenble  ndthodologique  toutefois  convlent  aux  prdoocupationa  de  recherche  sppllqude  et 
peraet  de  tester  adme  pour  dea  stiaulatlons  dlevdea  nociceptives  k la  foia  le  coaporteaent  du  aujet  dbloui, 
lea  teapa  de  rdcupdration  et  1'efficacitd  du  aystkae  protecteur. 

II  nous  a peraia  dgaleaent  d'approfondir  quelques  aspects  fondaaentaux  ooncemant  la  thdorie 
dualists  de  l'ERG  et  de  prdciser  l'existence  d'effet  k long  terse  d' dblouiaseaent  important. 
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Ob  constat*  aa  affat  qua  lor*  d*  1*  r do  upd  ration  d*  1'BtG  aprb*  ua  dblouilaanaat,  reposant 
aaoantiallanant  dui  la  oaa  prdaant  aur  l«  rda  Captation  1 l'obaouritd. 

- b.  tat  bias  raataurd  avast  b.  aa  aooord  avao  la  conception  dualist*  aaia  il  import*  da  aa 
paa  aaalailar  dualitd  fonotioaaell*  at  dualitd  aorphologiqu*  daa  rdoaptaurs,  ear  ohas  1*  lapis  la  rdtiaa 
aat  oo«po*d  praaqua  asoluaivamant  da  bdtoaaat*. 

- Si  l'oa  obaarra  bias  ua  dMeublanaat  du  eoanat  da  a pour  laa  stimulus  iataaaaa,  la  oompor- 
taaaat  da  a n'eet  paa  aa  aeeord  avao  oartaiaaa  conceptions  qui  roll*  l'ond*  a tout*  aatlbra  A l'aotlvitd 
du  ajrstba*  photopiqua.  la  affat,  1*  dddoublaaaat  da  a aat  inconstant,  a'apparait  qua  pour  daa  iataaaitda 
dlavdea  at  ala*  aa  adaptation  b 1'obaouritd  1' amplitude  da  a at  da  b.  aa  fonotion  do  1'dolairaaant  aabiaat 
oat  aattaaaat  diffdrant. 

Par  ailltura  11  a dtd  retrouvd  pour  daa  atiaulatioaa  iaportaataa  typo  C,  daaa  10  0 daa  oaa 
ebat  1*  lap  la,  22  das  oaa  obaa  1*  tinge  uaa  augaentatlon  initial*  da  b.  auivie  d'uat  rdduotlon  da  l'ond* 
b at  da  l'ond*  a,  ua*  augmentation  important*  at  durable  da  l'ordra  da  1 'aois  daa  taaps  da  rdeupdration, 
aooonpagnd*  ou  non  d' alteration  norpbologlqu*  da  l'EBO  arac  la  diaparitloa  d'un*  ou  plusiaura  ondoa  a. 

Ca  fait  tandrait  b prouvar  qua  aana  altdratioa  du  fond  d'oall  il  paut  azlatar  ua*  altdratloa  foaotioanalla 
rdvaralble  da  longu*  durda  du  spstbaa  visual  aprta  ua  dblouiaaaaaat.  La  problbaa  aat  da  savoir  al  daa 
altdxatloaa  ultraatruoturalaa  aoat  scua-Jacantaa. 


urnacBs 

La  bibliographi*  principal#  aat  raaaaabld*  daaa  laa  rapports  ei-dasaous  t 

1 - L'dlaotrordtiaocraaaa  du  lapia  adulta  par  N.  BASH  ; H.  CA33AB,  L.  COURT  ; Centra  da  Raobarobaa  du 

Sarviaa  do  Saatd  da*  Arad*a  - Rapport  Laberatoir*  Central  da  l'Ara*m*nt  at  Centra  d*  Raobarobaa  du 
Sarvia*  d*  Sant  4 das  Aradaa,  Kars  1971, 

2 - Evolution  da  I'dlectrordtinograaaa  at  daa  activitda  dvoqudaa  vlsuallaa  prlaalraa  obas  la  lapia  adulta 

au  coura  d'un  dblouiaaaaaat  par  I,  BASH,  X.  CASSAE,  L.  COURT,  Centra  d*  Raobarobaa  du  Sarvioa  da 
Saatd  daa  Aradaa.  Rapport  Laboratoirs  Central  da  l'Araaaent  at  Contra  da  Raobarobaa  du  Sarvioa  da 
Santd  daa  Aradaa,  Mai  1971. 

IEHRRC1EHEXTS 

La  montage  du  diapoaitif  dblouiaaant  at  laa  nasuras  pbotondtriquaa  sont  du*  b Monsieur  CAMBORDK, 
Zngdnieur,  Etabliaaeuant  Central  da  l'Araemeat  qua  nous  ramereiona. 
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Iafluanoa  4*  l'dclairenant  dafiniaaant  la  niveau  d'adaptation  aur 
1' amplitude  das  ondaa  a,  b , b da  l'<Slectrordtino«raame  ukai  la 
lapis. 

- Durda  d' adaptation  30* 

- rupille  an  tydriaae 

- Stimulation  i Plaah  Xdnon,  150  Joulea,  107  100  Lux  j 270  lux. a 

- H ombre  da  aujeta  t 10 

- Xombre  d' experience  par  niveau  d'dcUlraaant  < cim* 
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Qranhlauo  n*4 

Evolution  do  1»  norpholocio  do  l'd- 
loetrordtinofroano  chos  lo  lapis 
adaptd  k l'otacuritd  at  oouaia  k 
otiBulu*  d'intanoitd  croiooanta, 
prdclidadana  la  fifuro  prdoddonte. 
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PERDRIEL: 


DISCUSSION 

Probably  what  I need  la  acme  wore  clarification  rather  than  a question.  But,  did  you 
aay  that  you  felt  the  ERG  waa  nod If led  by  some  feedback  from  the  more  central  portion 
of  the  vlaual  system,  the  nervous  evutem? 

I aa  basically  relating  ay  hypothesis  which  considers  that  the  ERG  which  originates 
at  the  retinal  level  may  be  controlled  by  chemical  substances  durinr  or  for  the  retro- 
retinal  feedback— that  which  intervenes  in  the  evolution  of  the  ERG, 

But  are  these  maintained  at  the  retinal  level,  or  do  you  feel  they  are  some  kind  of  neuro 
feedback  from  higher  centers?  Are  you  talking  about  biochemical  control? 

They  can  be,  at  the  level  of  the  optic  nerve.  Certain  fibers  which  should  be  Inhibiting 
fibers  of  the  ERG  which  then  would  bring  certain  changes  In  the  ERG, 

Such  feedback  has  never  been  demonstrated  anatomically  or  electrophyslologlcally,  1 don't 
believe,  or  has  it? 

In  the  priuate  tills  has  been  demonstrated, 

COMMENTS 


It  1s  certain  that  che  thalamus,  based  on  sensory  physiology,  has  been  the  filter  of  our 
sensations  and  o<  ill  the  "inputs"  reaching  it,  be  they  audio,  video,  or  even  anesthetic. 
And  one  should  admit  that  the  divergent  (inconsistent)  results  we  have  obtained  between 
the  cortical  responses  to  evoked  occipital  potentials  and  those  recorded  at  the  retina 
are  related  to  thi3  thalamic  Interference,  On  the  other  hand,  one  knows  apparently  the 
effective  pathways  of  this  feedback,  especially  Jacobson  who  has  demonstrated  In  the  dog 
that  certain  fibers  exist  near  the  optic  nerve,  sectioning  of  which  has  brought  about 
an  increase  of  the  electroretlnogram  (ERG) , Moreover,  in  clinical  medicine  when  an 
atrophy  of  the  optic  nerve  Is  present — namely,  when  centripetal  conduction  is  absent, 
one  observes,  paradoxically,  a hyperactivity  of  the  retinal  potentials.  This  would  seem 
to  prove  that  damage  to  the  optic  nerve  frees  the  system  controlling  feedback  which, 

In  turn,  changes  the  usual  amplitude  of  the  ERG, 
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C9-1 


MAJ  David  D.  Glick 

United  States  Army  Aeromedical  Research  Laboratory 
Fort  Rucker,  Alabama  36362 


With  the  arrival  of  improved  optical  devices  and  radar 
detectors  on  today's  battlefield  there  exists  a need  to  stand  off 
from  the  enemy  as  far  as  possible  and  yet  still  be  able  to  acquire 
and  identify  targets  at  these  greater  ranges.  The  target  acquisi- 
tion problems  due  to  this  increased  range  may  be  reduced  through 
optical  magnification.  However,  the  vibrations  inherent  in  heli- 
copters are  bothersome  to  effective  use  of  these  devices  and 
increasingly  so  with  magnification.  In  order  to  overcome  this 
problem,  optical  stabilizing  systems  were  incorporated  in  the 
viewing  devices. 

The  first  part  of  this  report  pertains  to  an  in-flight  com- 
parison of  several  devices.  Considering  size,  weight,  complexity 
and  performance  in  an  in-flight  visual  acuity  task,  one  of  the 
devices  looked  very  promising. 

In  part  two,  a group  of  twenty-nine  subjects  used  a single 
device  in  a scout  helicopter  flight  scenario.  Reports  had  been 
received  that  the  device  produced  motion  sickness  and  the  experi- 
mental plan  was  designed  to  assess  this  as  well  as  visual  acuity 
in  flight.  The  subjects  flew  the  scenario  first  witli  the  unaided 
eye  and  then  with  the  device  in  both  a stabilized  and  unstabilized 
(caged)  mode.  The  latter  two  flights  were  counterbalanced  across 
subjects.  Following  the  flight  phase,  the  subjects  were  given  a 
series  of  tests  to  evaluate  individual  susceptibility  to  motion 
sickness.  Performance  in  the  visual  acuity  task  was  significantly 
correlated  with  the  airsickness  ratings  of  an  on-board  experimenter; 
however,  there  was  no  significant  difference  between  the  magnitude 
of  the  symptoms  observed  when  the  device  was  stabilized  and  the 
magnitude  when  caged. 

INTRODUCTION 

The  use  of  improved  aircraft  detection  devices  by  potential  enemies  has  created 
a need  to  increase  our  stand  off  distances.  However,  we  still  must  be  able  to 
acquire  and  identify  targets  at  these  greater  ranges.  Target  acquisition  problems, 
due  to  increased  range,  may  be  reduced  through  optical  magnification.  However,  its 
effectiveness,  when  used  in  conjunction  with  aerial  observation,  is  degraded  because 
of  the  inherent  vibrations  of  a helicopter  in  flight.  In  order  to  overcome  this 
problem,  stabilizing  systems  designed  to  dampen  vibrations  were  incorporated  in  the 
viewing  devices.  The  United  States  Army  Aeromedical  Research  Laboratory  was  invited 
to  make  a comparative  evaluation  of  several  such  devices.  They  were: 

a.  Ken-Labs,  Inc.  Stabilizer  EXFA  28V  D.C.  (Figure  1) 

Manufactured  by  Ken- Lab.  Inc.,  this  is  an  active  hand-held  stabilized 
platform  upon  which  we  mounted  a pair  of  10  X 50  Bushnell  binoculars.  Electrical 
power  for  the  stabilizer  was  obtained  from  the  aircraft. 

b.  Monocular-R-Mark  1610  - X3  (Figure  2) 

Manufactured  by  the  Marks  Division  of  Stabilizer  Optics  Corporation,  this 
is  a 10  power,  hand-held,  D.C.  powered  device. 

c.  Stedi-Eye  3ma  Stabilized  8X  telescope  (Figure  T) 

Manufactured  by  Fraser-Volpe  Corporation,  this  stabilization  system  can  be 
operated  either  actively  (rechargable  batteries)  or  passively.  It  is  a monocular 
hand-held  device. 

d.  Stedi-Eye  3p  Stabilized  8X  telescope  (Figure  4) 

This  unit  is  also  manufactured  by  praser-Volpe  and  contains  the  same  optics 
as  in  the  Stedi-Eye  3ma  except  it  is  passive,  not  requiring  electrical  assist  for 
stabilization . 

e.  Trans-Lens,  D3  (Figure  5) 

Manufactured  by  Oynascience  Corporation,  this  is  an  electrically  powered, 

8X  magnification,  monocular  viewing  device, 
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Part  I of  the  report  concerns  this  comparison. 
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Part  II  was  also  an  evaluation  using  a stablized  optical  viewing  device;  how- 
ever, there  was  only  on?  “nit  (an  XM-76  monocular,  stabilized  device  by  Dynascience) 
and  a comparison  was  made  between  the  subject's  performance  with  the  viewer  in  its 
st mode,  in  a caged  (non-stabilized)  mode,  und  with  the  unaided  eye.  In 
ada. cion,  the  flight  scenario  was  more  complex  simulating  an  Army  scout  helicopter 
profile.  An  extensive  study  was  made  concurrently  in  order  to  evaluate  the  effect 
of  stabilization  upon  motion  sickness.  However,  we  will  be  primarily  concerned  in 
Part  II  with  the  visual  acuity  aspects  of  this  device. 

Figure  6 illustrates  the  target  used  in  both  Part  1 and  Part  II.  In  Part  I 
only  the  largest  Landolt  "C"  was  in  use. 

PART  I - METHOD 


All  observations  were  made  from  the  front  seats  of  a JUH-1H  helicopter  flown  at 
the  U.S.  Army  Aeromedical  Research  Laboratory's  (USAARL)  instrumented  range1.  The 
course  was  7S00  meters  in  length  over  moderately  flat  farmland. 

The  target  consisted  of  a black  Landolt  C,  1.745  meters  in  diameter,  on  a white 
8 ft.  by  8 ft.  background  (864  contrast)  as  seen  on  the  left  side  of  Figure  6.  The 
standard  dimensional  ratios  of  height '.stroke  width:gap  size  (S:l:l)  were  used.  The 
gap  in  the  letter  was  changed  after  each  run  to  one  of  eight  positions  and  the 
subject's  task  was  to  report  the  correct  orientation. 

The  subject  was  forced  to  guess  the  letter's  orientation  (eight  alternative, 
forced  choice)  as  soon  as  the  target  location  was  detected.  He  continued  to  respond 
until  he  positively  confirmed  the  orientation  of  the  target. 

The  recorded  values  of  interest  were: 

a.  The  distance  at  which  the  subject  first  correctly  identified  the  Landolt  C 
orientation  followed  by  a second  correct  response  and  no  subsequent  erroneous  answers. 

b.  The  distance  at  which  he  positively  confirmed  his  sighting. 

Six  male  subjects  were  used.  The  three  used  on  the  first  day  were  aircrewmen 
(two  pilots  and  one  crew  chief).  They  tested  the  Ken-Labs  device,  the  Mark  1610, 
the  Trans-Lens  D3  and  the  Stedi-Eye  3ma.  Upon  completion  of  their  data  collection 
period,  a decision  was  made  to  discontinue  testing  the  Trans-Lens  D3  as  its  per- 
formance was  markedly  inferior  to  the  remaining  three  devices. 

The  three  subjects  on  the  second  day  were  all  scientific  investigators  experi- 
enced in  making  visual  observations.  The  design  was  repeated  except  that  the  Stedi- 
Eye  3p  was  substituted  for  the  Trans -Lens  D3.  The  Stedi-Eye  3p  was  not  included  on 
the  first  day  because  the  optics  are  the  same  as  those  in  the  Stedi-Eye  3ma.  The 
only  differences  between  these  two  units  are  the  slightly  larger  size  of  the  3mt.  and 
their  power  requirement.  The  3p  is  a passive  device  while  the  3ma  requires  power 
(self-contained  batteries) . 

Each  of  the  six  subjects  made  two  runs  with  each  device  for  a total  of  eight 
runs  per  subject. 

The  visibility  was  seven  nautical  miles  or  greater  on  both  days. 

PART  I - RESULTS 


Figure  7 is  a comparison  of  the  five  devices  using  the  mean  angle  subtended  by 
the  target  at  the  distance  at  which  the  target  was  first  identified  and  later  con- 
firmed. Since  two  of  the  devices  were  ten  power  and  the  other  three  were  eight 
power,  angular  subtense  was  needed  to  eliminate  this  magnification  difference.  By 
using  the  proximal  angular  stimulus  after  magnification  in  this  way,  the  differences 
shown  in  Figure  6 may  be  attributed  to  the  stabilization  capability  and  the  optics 
of  each  device. 

Figure  8 illustrates  the  mean  distances  at  which  correct  and  confirmed  responses 
were  made.  In  this  figure  compensation  for  magnification  difference  (8X  vs  10X)  is 
not  made,  allowing  direct  performance  comparison  of  each  device  as  it  is  commercially 
available. 

The  data  were  subjected  to  the  Friedman  Two-Way  Analysis  of  Variance  Test.  The 
results  from  the  three  devices  tested  by  all  six  subjects  were  analyzed.  Separate 
test  were  made  from  the  aircrewmen  and  scientists'  data.  The  results  are  shown  in 
Table  1. 
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TABLE  1 - CHI  SQUARE  SCORES  USING  THE  FRIEDMAN 
TWO-WAY  ANALYSIS  OF  VARIANCE  TEST  ON  BOTH  THE 
CORRECT  AND  POSITIVELY  CONFIRMED  SCORES  FROM 
(A)  ALL  SUBJECTS,  (B)  AIRCREWMEN  AND  (C) 
SCIENTISTS 


All 

Aircrewmen 

Scientists 


CORRECT 

6.33* 

7.0* 

7.0* 


CONFIRMED 

7.00** 

7.0* 

S.4*** 


Reject  Ho  at:  *.054,  **.029,  ***.175  (not  sig.)  where  Ho  is  the  hypothesis 

that  the  samples  are  from  the  same  population. 

PART  I - DISCUSSION 

In  order  to  fully  appreciate  the  differences  in  devices  tested  and  to  make 
final  recommendations,  it  is  necessary  to  compare  additional  information  such  as 
cost,  weight,  and  reliability.  This  information  is  available  from  the  manufacturers 
or  from  Frankford  Arsenal2’3. 

It  can  be  seen  in  Figures  7 and  8 that  the  performance  results  of  the  Mark  1610 
(10X)  and  the  Stedi-Eye  3p  (8X)  are  similar,  and  that  both  of  these  devices  were 
superior  to  the  other  devices  tested.  However,  in  addition  to  a considerably  reduced 
cost,  the  Stedi-Eye  3p  has  several  additional  features  which  favor  it.  It  does  not 
require  any  electrical  power  (i.e.,  a passive  device),  and  it  is  sufficiently  small 
to  be  easily  hand-held  without  requiring  bracket.ry  in  the  helicopter.  Its  size  would 
allow  easy  storage;  for  example,  in  the  UH-1,  it  could  be  stored  in  the  map  compart- 
ment available  to  both  pilot  and  co-pilot.  Also,  the  slightly  lower  magnification 
of  the  Stedi-Eye  3p  allows  a larger  field  of  view. 

A question  might  arise  concerning  the  cause  of  the  differences  in  the  results 
between  the  two  Stedi-Eye  models.  As  mentioned  previously,  these  two  viewing  devices 
have  similar  optics  with  the  Model  3ma  having  the  additional  option  of  electrically- 
assisted  stabilization.  Yet,  the  passive  Model  3p  yielded  better  results.  The 
differences  can  be  attributed  primarily  to  two  reasons.  The  Model  3ma  had  an  addi- 
tional unit  magnification  sighting  lens  to  be  used  for  scanning.  This  sighting  lens 
system  caused  some  slight  disabling  glare  because  of  an  eye  cup  which  was  not  suf- 
ficiently light-tight  and  a highly  reflective  posterior  lens  surface.  Also,  during 
the  transition  from  a passive  mode  to  an  active  mode  on  the  Model  3ma,  low  frequency 
oscillations  caused  by  the  stabilization  system  interfered  with  the  observations. 

A comparison  was  made  between  the  present  results  and  data  from  Part  II  in 
which  a different  Dynascience ' s stabilization  device  (XM-76)  was  tested  with  the 
same  target  and  helicopter  as  were  used  in  this  study.  The  results  from  the  previous 
study  indicated  a resolution  for  the  XM-76  was  2.8  minutes  of  arc,  i.e.,  poorer  than 
all  of  the  present  devices  but  the  Trans-Lens. 

The  target  was  resolved  by  the  unaided  eye,  in  flight,  at  an  average  distance 
of  1710  meters.  Figure  8 may  now  be  used  to  also  appreciate  the  increase  in  stand 
off  range  when  the  various  devices  are  used. 

PART  I - RECOMMENDATION 

Tbs  Fraser-Volpe  prototype  Stedi-Eye  3p  should  definitely  be  considered  for  use 
as  a hand-held  stabilizer  for  aerial  observation.  It  has  the  advantages  of  perform- 
ing as  well  or  better  than  devices  which  are  more  costly  and  weigh  more  (and  there- 
fore would  need  to  be  mounted  in  the  helicopter).  The  lower  magnification  (8X  vs 
10X)  will  also  provide  a larger  field  of  view,  seemingly  without  compromise  in  stand 
off  distance  for  observation. 


PART  II  - METHOD 

The  XM-76  (redesignated  Dynalens  model  MS-023)  manufactured  by  Dynascience 
Corporation  is  a monocular  viewing  device  with  a zoom  capability.  The  optical  image 
is  stabilized  by  a gyroscopically  controlled,  variable  wedge,  fluid  prism.  It  is 
powered  by  either  an  attached  battery  cassette  or  by  15-33V  D.C.  power.  In  this 
study,  28V  D.C.  power  from  the  aircraft  was  used  because  the  mission  length  exceeded 
the  charge  of  the  battery  cassette.  The  device  weighs  40  oz.2’3. 

All  airborne  observations  were  made  from  the  observer's  seat  (left  front)  of  a 
JUH-1H  helicopter  between  1000  hrs  and  1430  hrs  and  only  on  days  in  which  the  visi- 
bility was  greater  than  ten  kilometers. 

Twenty-nine  subjects  were  used.  All  were  commissioned  officers  in  the  Army. 

Two  had  graduated  from  the  rotary  wing  flight  training  program,  one  had  completed  94 
hours  in  the  roatry  wing  program,  and  the  remainder  were  entering  students.  All 
subjects  had  previous  flight  experience  either  as  civilian  private  pilots  or  as 
passengers  in  Army  tactical  operations. 
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The  test  course  was  nine  kilometers  in  length  over  slightly  rolling  farm  and 
woodlands. 

Each  subject  flew  one  flight  on  each  of  three  separate  days.  A flight  consisted 
of  five  passes  at  the  targets.  Passes  one  and  five  were  flown  straight  to  the 
targets.  Passes  two  and  four  were  "pop-up"  maneuvers  in  which  the  aircraft  would 
fly  below  the  line  of  sight  to  the  targets  then  increase  altitude  until  the  target 
area  was  just  visible  ana  repeat  this  cycle  as  he  approached  the  targets.  Pass  three 
consisted  of  continuous  "S"  turns  with  heading  changes  SO  to  40  degrees  either  side 
of  the  center  line.  All  passes  were  flown  at  SS  knots  to  remain  out  of  the  dead 
man's  portion  of  the  engine  failure  envelope. 

The  first  day's  flight  was  made  using  only  the  unaided  eye.  On  the  second  day, 
in  order  to  prevent  biased  results  from  learning  effects,  half  of  the  subjects  used- 
the  XM-76  in  a caged  mode  (as  a control)  and  half  used  it  as  a stabilized  viewing 
device.  Their  roles  were  then  reversed  on  the  third  day.  The  subjects  were  not 
told  which  mode  uas  being  used.  In  both  modes,  the  XM-76  was  a seven  power  monocular 
viewing  device.  Although  the  XM-76  has  a zoom  capability  from  l.SX  to  12X,  it  was 
used  in  the  7X  mode  throughout  to  prevent  confounding  zoom  effects  with  the  stabili- 
zation effects  which  we  were  studying. 

Tie  subject's  first  task  on  each  pass  was  to  locate  the  target  area  with  the 
unaided  eye  before  viewing  through  the  XM-76  (except  on  the  first  day  when  all 
sighting  was  with  naked  eye  only).  He  then  reported  when  he  could  detect  the  target 
panels  followed  by  when  he  could  distinguish  that  there  were  two  separate  panels. 

The  targets  on  the  panels  were  Landolt  C's  as  shown  in  Figure  6.  Target  #1  was 
twice  as  large  as  * 2 which,  in  turn,  was  twice  the  size  of  target  #3.  The  gap  in 
the  C,  which  could  be  in  any  one  of  eight  possible  positions,  was  controlled  by 
ground  personnel  at  the  target  sites.  The  subject's  final  task  was  to  report  the 
gap  position.  A forced  choice  procedure  was  used.  The  subject  was  repeatedly 
requested  to  "guess"  the  position  of  the  gap  as  soon  as  he  reported  that  he  could 
detect  the  two  panels.  The  criterion  for  correct  response  was  two  responses  of  the 
correct  orientation  of  the  C in  succession.  The  subject  then  diverted  his  attention 
to  the  next  smaller  target,  and  the  procedure  was  repeated.  This  continued  until 
the  aircraft  was  within  1000  meters  of  the  target  at  which  time  observations  were 
terminated.  The  orientation  of  the  C's  were  randomly  selected  and  changed  after 
each  pass. 

Before  each  flight  and  after  each  pass  at  the  target,  an  on-board  observer 
evaluated  and  checklist  scored  each  subject  relative  to  selected  airsickness  symptoms 
including  pallor,  sweating,  facial  expression,  and  in-flight  anxiety.  A second 
observer  performed  a similar  evaluation  immediately  following  the  flight.  These 
observer  ratings  were  totaled  and  the  resultant  sum  used  as  an  over-all  rating  of 
airsickness  susceptibility  on  an  individual  subject  basis.  At  the  end  of  the  second 
and  third  flights,  the  subjects  were  required  to  complete  a questionnaire  which 
dealt  with  their  subjective  evaluation  of  the  performance  of  the  device  and  any 
observed  airsickness  reactions. 

Observation  distances  were  computed  using  the  Aeromedical  Research  Laboratory's 
radio-radio  range  system  on  board  the  aircraft'.  The  system  consists  of  four  ground 
transmitters  located  on  the  corners  of  a 10  mile  square  giving  100  square  miles  of 
ranging  area.  Distances  for  this  study  were  accurate  to  SO  meters  through  the  9000 
meter  course. 

PART  II  - RESULTS 


TABLE  II 

SUMMARY  OF  IN-FLIGHT  AIRSICKNESS  SYMPTOMS  RECORDED  BY 
THE  ON-BOARD  EXPERIMENTERS  FOR  THE  THREE  VIEWING 
CONDITIONS  OF  THE  STUDY 

Statistical  summary  for  the  entire  subject  group  (n*29) 


Unaided  eye 

XM-76 

XM-76 

(no  viewing  device) 

(Caged) 

(Stabilized) 

Group  mean 

40.6 

61.1 

55.2 

Standard  deviation 

5.9 

20.0 

15.5 

Standard  error 

1.1 

3.7 

2.9 

The  group  mean,  standard  deviation,  and  standard  error  of  the  mean  of  the  air- 
sickness evaluation  made  by  the  two  observers  are  listed  in  Table  II  for  the  three 
different  flight  conditions.  Figures  9,  10,  and  11  show  distances  for  panel  detection, 
distinguishing  two  separate  panels,  and  correct  identification  of  the  Landolt  C 
positions,  as  a function  of  the  type  of  flight  maneuver,  for  each  of  the  three  modes 
(unaided  eye,  XM-76  caged,  and  XM-76  stabilized).  It  is  interesting  that  in  all  of 
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these  figures,  the  subjects'  performance  with  the  more  demanding  task  of  detecting 
the  orientation  of  the  Landolt  C was  equivalent  or  slightly  better  on  the  pop-up 
maneuvers  as  on  the  straight  and  level  passes.  This  could  possibly  be  attributed  to 
the  subjects'  awareness  of  the  limited  viewing  time  possible  with  the  pop-up  maneuvers. 
With  the  relatively  unlimited  viewing  time  in  the  straight  and  level  passes,  the 
subjects  could  have  been  more  reticent  to  "guess”  until  they  were  more  positive  of 
their  answers. 

PART  II  - DISCUSSION 

Referring  to  Table  II,  the  group  mean  of  40.6  for  the  airsickness  symptoms 
manifested  during  the  first  flight  when  the  targets  were  viewed  with  the  unaided  eye 
represents  the  reference  baseline  for  this  subject  group.  This  score  indicated  that 
the  subject  group  was  relatively  undisturbed  by  the  viewing  task  during  the  five- 
pass  flight.  As  indicated  by  the  group  mean  of  61.1  for  the  caged  XM-76  flight  and 
S5.2  for  the  stabilized  XM-76  task,  airsickness  symptoms  rose  considerable  when  the 
visual  task  involved  using  an  optical  viewing  device.  A t-test  comparison  of  the 
individual  means  for  the  three  test  conditions  indicates  a statistical  difference 
(pL-.Ol)  for  both  the  caged  XM-76  flight  relative  to  the  unaided  eye  flight  (t  ■ 

5.29)  and  the  stabilized  XM-76  flights  was  not  significant  (t  * 1.25).  In  this 
respect,  these  data  indicate  that  the  stabilization  feature  proper  of  the  XM-76  did 
not  in  itself  account  for  the  observed  rise  in  airsickness  symptoms  in  that  a com- 
parable rise  occurred  when  the  device  optics  were  not  stabilized.  There  was  a low 
but  statistically  significant  correlation  between  airsickness  rating  data  (rs  * 

0.40,  Spearman  Rank-Order  Correlation)  and  the  subjects'  target  identification 
performance  while  using  the  XM-76  in  the  stabilized  mode.  The  correlation  was  not 
significant  (rs  * 0.30,  pL  .10)  between  target  identification  and  results  of  the 
subjects'  self-rating  questionnaires.  Details  pertaining  to  these  flights  and 
questionnaire  ratings  of  airsickness  will  be  outlined  in  a separate  following 
report1*.  A third  report*  will  summavize  the  laboratory  testing  phase  of  the  study 
which  was  directed  toward  gaining  an  over-all  evaluation  of  vestibular  function, 
visual  function  and  motion  sickness  susceptibility  rating  of  the  subject  group. 
Preliminary  analysis  of  the  results  of  these  laboratory  tests  indicates  that  the 
subject  group  could  be  considered  average  or  slightly  above  average  in  motion  sick- 
ness susceptibility,  although  this  is  subject  to  some  interpretation  because  of  the 
special  conditions  under  which  the  tests  were  carried  out*. 

In  87  flights,  including  435  target  passes,  there  were  no  cases  of  nausea  to 
the  point  of  vomiting.  One  subject  began  sweating  profusely  on  his  second  pass 
while  using  the  XM-76  in  the  control  (caged)  mode,  but  was  able  to  complete  his  five 
passes.  (He  had  60  previous  flight  hours  including  a private  license.)  Terminating 
each  pass  at  approximately  1000  meters  probably  helped  avoid  nausea  because  the 
relative  motion  of  the  aircraft  and  target  was  slight  at  distances  greater  than 
this. 

The  static  Snellen  visual  acuity  threshold  on  normal  observers  is  20/15  to 
20/20.  All  of  the  subjects  were  within  this  range.  An  acuity  of  20/15  is  repre- 
sented by  a gap  size  on  a Landolt  C of  0.75  minute  of  arc.  The  mean  angular  subtense 
for  the  unaided  eye  in  flight  was  quite  near  the  static  threshold  (identification  of 
target  #1) . 

Visual  resolution  or  acuity  is  a rather  complex  measure.  Many  parameters  (e.g., 
angular  size,  contrast,  color,  observation  time,  figure-ground  visual  complexity, 
luminance  conditions,  etc.)  can  have  a profound  effect  on  the  performance  results. 

The  targets  used  in  this  study  consisted  of  black  Landolt  C's  of  standard  dimensional 
ratios  on  a white  background  yielding  a contrast  measured  at  the  targets  of  0.86. 
Obviously,  when  viewing  through  optical  instruments,  the  contrast  and  image  fidelity 
will  be  altered.  Such  a change  is  apparent  in  Figure  12.  As  shown  in  Figure  12,  the 
observation  distance  to  detect  the  gap  in  the  larger  target  with  unaided  vision  was 
1697  m while  with  the  stabilized  XM-76  the  distance  was  2960  m.  The  corresponding 
target  angular  subtenses  for  these  distances  were  0,70  minute  with  the  unaided  eye 
and  0.40  with  the  stabilized  XM-76.  Therefore,  the  gain  in  performance  was  less 
than  a factor  of  two  (instead  of  seveh)  with  the  7X  magnification  used  in  the  XM-76. 
Such  a non-linear  gain  can  be  attributed  in  part  to  a loss  in  contrast  and  the 
degraded  quality  of  the  image  presented  to  the  eye.  These  results  can  be  used  as  an 
example  of  any  discussion  of  performance  and  magnification.  There  is  no  simple 
relationship  between  optical  magnification  and  visual  observation  distances.  Some 
compromise  in  image  quality  is  alweys  necessary  with  optical  viewing  devices.  The 
magnitude  of  the  trade-off  will  depend  upon  the  quality  of  the  optics  in  each 
individual  instrument. 

Figure  12  shows  the  increased  observation  distances  possible  with  the  XM-76 
when  used  in  the  stabilized  mode  compared  to  those  found  with  the  caged  mode.  While 
the  differences  were  slight,  t.iey  were  statistically  significant  (p  = 0,01,  Wilcoxin 
Matched  Pairs,  Signed  Ranks  Test). 

The  Combat  Developments  Experimentation  Command  (CDEC)  experiment  43.6  contained 
a resolution  section  in  which  the  XM-76  was  compared  with  an  XM-26  and  an  XM-27 
(other  target  acquisition  sights)*.  The  resolution  of  the  XM-76  was  2 1/2  times 
poorer  than  the  other  two.  The  CDEC  mean  resolution  for  the  XM-76  was  2.8  minutes 
of  arc,  the  same  as  our  finding. 
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PART  II  - CONCLUSIONS 

The  use  of  the  denoted  optical  device  under  the  flight  regimen  selected  for 
this  study  did  not  result  in  a significant  airsickness  problem.  It  was  observed, 
however,  that  the  incidence  of  airsickness  symptoms  rose  when  the  subjects  performed 
their  assigned  visual  task  with  the  device  rather  than  the  unaided  eye.  Since  there 
was  no  significant  difference  between  the  magnitude  of  the  symptoms  observed  when 
the  device  was  stabilized  and  the  magnitude  when  caged,  the  stabilization  feature 
proper  could  not  be  identified  as  a problem  source.  The  data  also  indicate  that 
target  acquisition  performance  was  significantly  correlated  with  the  airsickness 
ratings  of  the  on-board  experimenter.  Correlation  with  the  pontflight  self-rating 
questionnaire,  though  in  the  same  direction,  was  not  significant.  The  direction  of 
the  correlation,  assuming  it  would  be  sustained  in  repeat  testing,  suggests  that 
individuals  who  maintain  good  visual  performance  tend  to  show  fewer  signs  of  sick- 
ness or  conversely,  those  who  show  signs  of  sickness  tended  to  perform  below  average. 
In  this  experiment,  because  very  little  airsickness  was  encountered,  there  was 
little  opportunity  for  potential  relations  between  airsickness  and  visual  performance 
to  become  manifest. 

DISCLAIMER 

The  findings  in  this  report  are  not  to  be  construed  as  an  Official  Department 
of  the  Army  position  unless  so  designated  by  other  authorized  documents. 
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Fig.7  Target  size  at  the  identification  distance  as  a function  of  viewing  device.  Magnification  differences 

have  been  compensated  (8X  vs  10X) 
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Fig. 8 Target  identification  distance  as  a function  of  viewing  device 
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Figure  9 
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DISCUSSION 

This  stabilized  target  acquisition  device  Is  c gyroscopic  Instrument  which  Is  spinning 
at  high  speed? 


Are  they  held? 

Hand-held, 

I do  not  quite  understand  how  a prism  is  Incorporated. 

The  prism  again  is  mounted  loosely  so  that  it  moves  with  the  vibration  of  the  helicopter. 
In  effect,  when  the  device  moves,  the  prism  remains  stable, 

I see,  It  is  more  or  less  fluid? 

It  is  a fluid  dampenng  motion. 

You  Just  said  that  you  saw  a need  to  stabilize  the  device.  Didn't  you  see  any  equal  need 
for  stabilizing  the  pilot? 

Yes,  however,  stabilizing  the  device,  the  eye  ia  able  to  track  the  picture  quite  well.  As 
I mentioned,  if  you  move  your  head  your  eye  will  track  and  It  can  stabilize.  1 have  seen 
designs  of  helicopters  in  which  by  leveling  mounting  the  rotor  blade  will  dampen  some  of 
the  vibrations  themselves, 

I made  this  note  when  I read  this  paper — I may  be  incorrect,  but  you  talked  about  the 
Stedl  Eye  3P  which  was  selected  for  the  test  and  yet  this  model  Is  not  mentioned  again. 
Why  did  you  skip  over  to  the  XM-76  model  in  the  test? 


I am  sorry,  I meant  to  show  this  is  a two-part  paper,  a second  study. 

But  we  do  not  know  any  of  the  baselines  on  the  XM-76,  as  I recall,  it  appeared  out  of 
nowhere. 

It  was  not  In  the  first  parL  of  the  test.  That  was  a second  study  in  which  we  used  the 
same  parameters  and  I wanted  to  include  that  as  a sixth  device.  It  was  an  earlier  study, 
an  earlier  model,  but  it  Is  still  around,  so  It  needed  to  be  mentioned. 
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GENERAL  DISCUSSION 
Thou*  J.  T redid,  Colonel,  USAF,  MC 

In  Che  first  pert  of  chit  session  we  will  once  again  simply  open  It  up  to  questions  froo 
the  floor,  questions  of  sny  type,  on  sny  psrtlculsr  psper  on  Vlsusl  Aids  or  Eye  Protection 
or  how  one  might  relate  to  the  other.  We  will  try  to  answer  our  questions  by  the  combina- 
tion of  this  "exp' r. rise1’  chat  we  have  here.  Dr  Forgle,  you  had  a question  concerning  ehe 
CR-39  plastic  lessee  that  warped. 

Amongst  the  other  nationalities,  are  they  utilising  plastic  lenses  in  their  aircrew?  We 
have  here  the  United  Kingdom  and  France. 

Mot  at  the  moment.  No. 

So  whatever  spectacles  are  used  are  glass,  Are  they  lnpact  resistant  as  they  are  In  the 
United  States? 

I must  admit  this  la  not  ay  subject,  1 believe  they  are  hardened  glass,  but  I really^ 
cannot  answer  for  the  others. 

You  and  I have  spoken,  Mr  Chairman,  at  the  tea  break.  I think  It  may  be  Interesting  for 
people  to  know  the  Royal  Air  Force's  attitude  towards  contact  lenses.  And  as  we  heard 
from  Dr  Chevaleraud,  work  done  some  years  ago  rather  suggested  that  the  hard  contact 
'*naea  were  not  really  suitable  for  aircrew,  And  this  has  been  our  policy  In  the  Royal 
Force:  that  hard  contact  lenses  should  not  be  worn  by  aviators.  However,  with  the 

introduction  of  soft  lenses  It  Is  likely  that  some  aircrew  members  have  taken  private 
advice  and  are  actually  flying  using  the  soft  lenses.  The  RAF  feels  It  should  Inform 
those  people,  after  a suitable  reappraisal  of  the  situation,  that  either  their  use  is 
discouraged  or  that  a relaxation  of  our  attitude  may  be  possible.  Therefore,  about  20 
suitable  aviators  currently  in  staff  posts  in  London  will  be  selected  and  fitted  with 
soft  lenses.  The  project  will  be  Jointly  monitored  by  the  RAF  and  Moorfield's  Hospital 
In  London.  After  an  adequate  trial  with  the  maintenance  of  an  acceptable  correction  of 
vlaual  acuity  these  personnel  will  become  Involved  In  the  second  phase  of  the  trial. 

This  will  involve  subjecting  the  lndlvldusla  to  changes  of  environment  In  the  climatic 
chamber,  decompression  chamber  and  centrifuge  at  the  Institute  of  Aviation  Medicine. 

Only  If  there  ara  no  problems  will  personnel  be  subjected  to  Phase  3,  which  is  actual 
flight  trials  using  soft  lenses.  It  Is  hoped  some  results  may  be  made  available  by  the 
and  of  1976. 

Well,  I think  that  will  make  a fine  project.  We  will  be  watching  your  experiment,  which 
appears  to  be  a little  more  formalized  and  a little  more  directed  than  what  we  have  done. 

For  instance,  concerning  the  soft  lenses,  we  have  done  very  little  besides  just  observing. 

We  did  not  feel  they  were  that  great  an  advantage  ever  the  hard  lenses.  Herd  lenses  have 
a limited  use  lu  the  UP  Air  Force.  We  are  only  using  the  hard  lenses  on  medically  Indicated 
Individuals  to  allow  ttua  to  continue  to  fly,  and  Che  soft  lenses  would  not  be  appropos 
for  theae  cases.  Anyway,  because  most  of  these  had  to  do  with  the  refractive  status, 
irregular  astigmatism,  some  mild  cases  of  kcratoccrus,  etc.,  the  soft  lenses  do  not  work 
very  well  In  these  situations.  Now,  we,  too,  know  that  there  ate  some  individuals  flying, 
maybe  a fairly  large  number,  with  contact  lenses  that  we  never  knew  about.  But,  we  have 
rll  contact  lens  wearers  theoretically  listed  at  the  USAF  School  of  Aerospace  Hedlcl 
because  we  have  a USAF  regulation  that  says  they  should  all  come  there  If  they  are  going 
co  be  fitted, since  we  never  anticipated  a large  number  ot  cues  and  so  we  could  keep 
better  control.  Presently,  it  la  about  25  to  30  patientt,  ad  this  system  has  worked  very 
well.  We  have  kept  two  of  theae  who  had  the  m at  severe  keratoconus  on  flight  status, 
one  for  a decade  and  one  for  11  years.  We  recently  h„d  the  first  flyer  to  have  to  be 
subjected  to  s corneal  transplant  for  h^s  keratoconus.  He  is  now  In  the  recovery  stage 
and  he  is  not  flying  sny  longer.  But,  wo  had  good  success  with  the  contacts  in  his  case 
up  to  this  point. 

Just  one  consent.  Since  we  have  heard  something  on  the  attitude  of  the  Royal  Air  Force 
at  this  point  and  your  explanation  as  the  practice  stands  within  the  US  Air  Force,  I 
think  it  would  be  of  utmost  Interest  for  all  participants  here  to  hear  something  on  the 
attitudes  as  practiced  In  the  other  Air  Forces. 

Returning  to  your  original  subject  about  corrective  flying  spectacles,  1 think  one  of  the 
reasons  we  do  not  Columbia::  realn  or  any  of  these  other  plastics,  polycarbonates,  Is 
that  the  ptloc  protection  against  damage  Is  by  our  visor  system — the  spectacles,  of  course, 
are  worn  behind  the  visot , 

A comment  and  a reques  ■ concerning  contact  lenses.  Air  Cotnmadore  Price’s  study  being  done 
In  the  UK  might  help  us.  When  you  gee  these  individuals  tc  the  Institute  of  Aviation 
Medicine,  could  you  please  throw  some  dirt  and  some  dust  in  their  faces--thst  would  be 
anaiogua  to  our  operational  conditions  in  the  Army  with  helicopters  and  rise  some  chemical 
substance — tear  gas--whlch  sometimes  we  come  in  contact  with  or  something  similar  and  a 
follov-on  in  close-to-the-grou"d  environment  snd  lengthening  the  ability  to  wear  these 
devices,  again,  In  relatively  primitive  operating  conditions.  1 think  they  are  very 
pertinent  to  military  operations  but  many  of  you  in  the  Air  Forces  have  lived  in  a ouite 

luxurious  environment — we,  in  the  Army  and  those  of  you  in  your  armies  also  might  not 
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•oft  contact  lenaaa  by  aviators.  It  did  not  quits  go  Into  the  tear  gae  routine  and  all 
these  other  tortures,  but  It  was  not  very  favorable  to  the  soft  lenses  although  that  was 
the  moat  complete  study  that  I know  of  at  this  tlae, 

I think  it  Is  aost  iaportant  that  ve  do  look  at  toxic  fumes  because  It  has  been  reported 
that  soft  contact  lenses  can  absorb  and  release  then  slowly  thereafter,  so  It  Is  a very 
valid  point — not  perhaps  with  tear  gas. 

Just  another  comment  along  the  same  line  from  the  US  Army  and  helicopter  environment. 

The  points  you  mentioned  earlier  about  having  to  boll  or  asceptlse  these  things — now, 
when  ve  can,  and  1 think  ve  will  shortly,  go  beyond  that  stage,  the  Army  will  try  another 
study  but  that  Is  a real  stumbling  block  in  the  field  now. 

That’s  another  reason  I agree  with  you.  The  first  reason  was  that  if  ve  were  to  eliminate 
anyone  with  astigmatism,  almost  all  of  our  contact  lens  patients  were  because  of  irregular 
astigmatism  or  keratoconus.  Another  thing  that  we  just  cannot  live  with  is  all  the 
paraphenalla  that  one  needs  to  care  for  soft  lenses.  Now,  I do  know  that  in  some  foreign 
countries  these  soft  contact  lenses  are  being  sterilized  with  chemical  methods.  But  we 
cannot  do  that.  The  Food  and  Drug  Administration  has  not  allowed  that  as  yet.  We  have 
to  do  It  by  boiling,  which  means  you  have  to  have  your  110  volt  electricity — you  take 
the  baby  bottle  sterilizer  that  comes  with  the  kit  and  sterilize  the  lenses.  The  people 
ve  have  given  hard  contacts  to  like  to  place  them  in  their  thin  case  and  put  it  in  their 
pocket  and  that  is  it — they  can  clean  them  with  a lot  less  bother  than  the  soft  lenses. 

What  Dr  Tredlci  just  said  is  quite  correct.  At  present,  in  France  ve  have  the  possibility 
of  using  chemical  sterilization  methods  which  are  furnished  with  the  lenses  and  which 
improve  the  hygiene  of  these  lenses.  On  the  other  hand,  one  should  also  realize  that  in 
France  they  are  not  worn  unless  they  are  prescribed  by  the  ophthalmologist,  and  adaptation 
Is  done  under  the  control  of  an  ophthalmologist.  Consequently,  less  and  less  individuals 
(subjects)  go  to  a fitter  who  is  not  a physician  because  in  the  latter  case  the  tolerance 
is  always  less  than  when  one  sees  a physician.  This  is  not  only  true  for  aviation,  but 
also  for  violent  sports,  such  as  rubby  or  skiing  as  indicated  by  the  interest  for  the 
lenses.  Moreover,  I believe  that  the  reservations  advanced  relating  their  use  in  the 
Air  Force  are  correct.  Whatever  the  advantages  of  these  soft  lenses,  they  do  avoid  the 
wearing  of  spectacles;  they  Increase  the  field  of  vision;  they  ensure  a better  depth 
perception  because  the  size  of  the  retinal  linage  Is  much  closer  to  reality  than  with 
the  glasses,  and  this  is  Important.  And,  despite  everything,  one  needs  to  be  careful, 
and  In  our  regulations  we  do  not  recommend  the  contact  lenses  unless  the  visual  acuity  of 
one  eye  is  10/10.  Therefore,  if  the  pilot  loses  accidentally  the  lens  he  is  authorized  to 
wear,  he  still  has  one  good  eye  without  any  aid.  We  usually  allow  the  wearing  of  these 
lenses  to  seasoned  pllota  who  were  able  to  continue  their  flying  activity,  thanks  to  a 
unilateral  contact  lena.  And,  presently,  ve  believe  that  better  than  the  scleral  glass 
(lens)  the  soft  lenses,  as  demonstrated  by  results  obtained  by  clinicians,  are  by  all 
means  best  Indicated.  Thus,  militarily  speaking,  we  can  salvage  excellent  pilots  whose 
career  would  be  otherwise  finished. 

This  Is  exactly  our  USAF  policy  on  the  use  of  contact  lenses  by  aircrew.  They  are  for 
medical  indications  only  and  presently  we  have  found  the  hard  contact  lens  much  more 
satisfactory  than  the  Boft  lens.  We,  too,  have  fitted  only  one  eye  In  most  cases.  Our 
Indications  have  been  to  continue  a flyer's  career  after  he  has  suffered  trauma  to  the 
cornet,  loss  of  a lena.  Irregular  astigmatism  or  keratoconus. 

If  we  go  back  to  the  earlier  sessions  on  accelt.atlon  and  consider  some  of  the  concerns 
chat  were  spoken  about  during  the  pathology  session  having  to  do  with  the  effect  of  helmet 
weight  with  regards  to  escape  and  consider  the  many  missions  that  require  some  kind  of 
visual  protection  to  be  placed  on  the  heinet,  such  as  the  protection  against  flash 
blindness,  the  new  capabilities  that  are  associated  with  visually-coupled  systmes,  laser 
protection,  night  vision  devices,  blsst  protection  and  ballistic  protection.  It  eeems  to 
me  that  It  might  be  worth  considering  the  kind  of  approaches  that  are  going  to  be  required 
In  the  future  to  perform  the  integration  of  all  of  these  performance  capabilities  Into  a 
system  that  the  pilot  will  still  be  able  to  safely  wear  and  use. 

Well,  Cr  Clarke  does  have  a very  valid  point.  One  approach  would  be  better  selection  of 
Individuals  at  the  onset.  At  least  spectacles  and  contact  lenses  would  be  eliminated  from 
Dr  Clarke's  list  of  appliances  and  protective  devices.  Without  these  extra  factors  to 
Integrate  into  the  system,  this  would  at  least  simplify  things  s bit.  Does  anyone  else 
on  the  panel  wish  to  consent. 

I think  that  once  you  have  selected  pilots  with  good  visual  function,  you  still  have  the 
problem  of  the  other  visual  aids  and  protective  devices,  and  It  seems  that  mission-sped f lc 
equipment  is  ;ne  direction  that  might  be  considered.  One  point  that  I had  meant  to  make, 
which  I missed  this  morning  when  I spoke  was  regarding  the  very  great  Importance  of  crew 
equipment  people  communicating  with  the  engineering  coenunity  early  in  the  development 
phase  so  that  Inadequate  fixes  can  be  avoided.  The  Integration  can  be  considered  very 
early  In  the  development  stage — what  happened  with  VTAS  for  example  was  that  the  engineers 
were  able  to  do  all  of  these  wonderful  things  and  the  physicists  could  design  an  optical 
system  but  they  really  did  not  consider  the  man  and  the  platforms  on  which  this  had  to  be 
mounted  so  that  they  wound  up  with  a lot  of  things  that  had  to  be,  in  retrospect,  adapted 
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Interfact  jfith  the  equipment,  We  axe  considering  thoee  probleaa  very  eerly  but  the 
aiasion-apsclflc  equipment  ueai  to  be  a good  reaolutlon  too  with  thle  kind  of  an  approaoh, 
thla  kind  of  a problem  rather,  but  In  the  attack  comaunlty  where  we  say  require  flash 
bllndneat  protection  or  we  may  require  tome  laaer  protection  and  we  say  alao  want  to  uae 
acme  of  the  head-coupled  vlaual  alda,  then  we  have  a very  aevere  Integration  probles,  and 
we  will  undoubtedly  have  to  sake  aose  kind  of  trade  offs  of  thinga  that  we  add  or  leave 
off  the  helaet  becauae  we  cannot  really  aacrifice  the  protective  function  of  the  equipment 
In  order  to  add  some  vlaual  capability  which  may  or  nay  not  really  be  neceeeary. 

1 would  like  the  Panel* a opinion  on  the  aclence  of  orthokeratology  which  Involvea  adding 
the  cornea  with  a graduated  serlea  of  contact  lanaea  and  It  la  ny  undar a tending  that  you 
can  bring  a peraon  with  vlaual  acuity  of,  aay,  20/200,  20/300  range  going  to  20/20,  20/30. 
Now,  there  la  an  increaaing  number  of  airline  people  who  are  doing  thla,  having  thla  done, 
and  I auapect  that  the  military  people  say  alao  be  Involved, 

Well,  1 as  sorry  that  you  brought  up  that  topic.  I think  I have  written  the  only  article 
on  that  topic,  which  appeared  In  the  nedical  literature.  Now,  I as  auppoaed  to  be  an 
expert,  but  1 as  really  not  becauae  1 have  not  practiced  orthokeratology.  Some  of  you  say 
have  not  heard  of  orthokeratology.  Thla  la  a term  that  waa  conceived  by  optosetrlata  In 
the  US,  aeanlng  straightening  of  the  cornea.  Now,  any  of  ua  who  have  fitted  contact  lenaea 
know  what  a alaflt  lena  or  a large,  thick  lens  will  sometimes  alter  the  corneal  curvature. 
If  It  is  altered  In  the  right  manner.  It  aay  help  the  patient  becauae  altering  the  corneal 
curvature  nakea  a large  change  In  the  refraction  since  the  cornea  does  two  thirds  the 
refracting  of  the  light  raya.  This  might  create  another  problem  In  that  If  you  begin  to 
fit  such  lenses  you  are  going  to  have  to  aonitor  then  very  carefully  because  In  a short 
time  you  msy  not  know  what  their  refractive  error  really  is.  On  an  annual  examination 
they  may  be  myopic;  on  the  next  they  could  be  emmetropic  or  develop  a little  bit  of 
astigmatism,  etc.  This  Is  a real  problem  for  our  flight  surgeons  who  are  not  ophthalaol- 
og'sts.  Now,  concerning  orthokeratology,  in  the  firet  place  I am  not  eure  that  you  will 
be  able  to  tell  who  le  being  treated  if  he  does  not  volunteer  the  information.  One  would 
need  to  know  the  patient's  orlginsl  kerstometer  readings,  refraction  and  visual  acuity  and 
compare  these  findings  with  the  present  ones  to  evaluate  the  entire  procedure.  We  do  not 
recoamend  orthokeratology  at  all;  we  do  not  practice  it  In  the  US  Air  Force.  We  know  that 
it  is  being  performed,  especially  on  people  in  the  R0TC  and  cadets  at  the  AF  Academy,  but 
these  individuals  are  civilians  and  we  really  have  no  Jurisdiction  over  what  they  do  on 
their  own  time.  What  we  have  done  was  to  observe  what  has  been  going  on  so  we  could  get 
data  and  then  perhaps  either  attempt  to  outlaw  the  procedure,  condone  it  or  change  the 
visual  standards.  My  own  experience  Is  that  to  alter  one's  cornea  so  sc  to  alter  the 
refraction  from  20/300  or  20/400  acuity  down  to  20/20  la  highly  unlikely.  1 have  seen 
only  one  case  in  which  treatment  of  such  a gross  error  was  attempted.  She  was  a female 
dietician  and  that  young  lady  nevar  came  down  to  anywhere  near  20/20  but  she  waa  6 diopters 
myopic  and  her  cornea  was  flattened  down  to  about  2 diopters.  Mostly,  orthokeratology 
works  on  people  who  have  about  1.00  to  1.50  diopters  of  myopia,  just  enough  to  fall  outside 
of  the  pilot  population  or  cut-off  (-1.00D).  They  rush  out  and  are  orthokeratologlzed  but 


you  cannot  predict  whether  they  are  going  to  end  up  with  a nice  sphere  or  they  are  going  j 

to  develop  aome  astigmatism  or,  like  we  have  seen,  keratoconus.  We  have  seen  only  two 

such  cases.  One  case  has  developed  keratoconus  only  on  the  side  wearing  the  contact  lena,  1 

the  other  eye  still  looks  like  it  la  in  pretty  good  shape.  Now,  what  you  are  asking  for 

is  some  guidance  aa  to  what  you  ought  to  do.  I suppose  if  you  have  an  adequate  supply  of 


aviation  candidates  you  can  elmply  aay  that  you  are  not  willing  to  accept  anyone  who  wears 
contact  lenses  or  needs  contact  lenses  to  bring  his  vlaual  acuity  status  up  to  a certain 
level.  Your  problem  then  will  be  how  you  are  going  to  find  those  undergoing  treatment. 

The  ones  we  have  been  following  volunteered  the  Information.  They  said:  "We  are  having 
tl la  treatment  and  we  will  let  you  observe  what  is  happening."  You  can  flatten  the  cornea 
tc  where  you  get  a fairly  decent  acuity  even  when  the  contact  lens  is  removsd,  buw  in  about 
9.'iZ  of  the  cases  the  corneal  collagen  will  all  bounce  back  and  ths  corneal  curvature  will 
revert  back  to  what  it  was  before  the  treatment,  but  not  in  every  single  case.  That  la 
where  thle  procedure  stands  right  now.  You  cannot  predict  whose  cornea  is  goint  to  change 
how  much. 

I suspect  it  is  going  to  be  a continuing  problem  but  there  Is  an  optometrist  in  Toronto  who- 
la  doing  a flourishing  practice  in  this.  I know  there  are  seme  airline  pilots  who  art 
attending  him,  at  least  before  their  annual  medical  so  that  when  they  have  this  their 
visual  acuity  is  going  to  acceptable  levels,  which  is  not  were  it  not  for  orthokeratology. 

May  I add  one  question  to  follow  Dr  Yelland's.  We  have  Co  consider  that  thla  is  some  kind 
of  self  medication,  and  ay  question  is  s prsctlcsl  one.  Can  you  se  sn  ophthalmologist 
doing  an  annual  physical  examination  be  aware  that  the  aircrew  did  not  use  before  such 
self -nedicsted  orthokeratology  just  to  get  through  the  examination? 

Yep  and  No,  If  you  are  willing  to  go  through  a lengthy  exaalnatlon  and  you  have  a baseline, 
then  you  can  find  it.  A bncellne  means  you  have  the  pre-contact  lens  refraction,  findings, 
and  keratoeetrlc  readings.  Then  compare  these  to  your  present  findings  and  then  you  will 
know,  but  If  he  knew  that  he  was  coming  in  for  an  examination  within  a two-week  period 
and  he  could  titrate  his  contact  lens  wear  against  a very  easy  target — his  acuity,  he  can 
tell  when  his  acuity  is  at  a certain  level,  then  he  could  remove  the  lena  and  cose  to  see 
you  a day  later,  then  the  answer  is  No,  because  there  usually  is  no  abrasion  or  stippling 
of  the  cornea.  So  if  you  did  not  have  tne  pre-contact  lens  data  you  would  not  be  aware 
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people  who  want  to  gat  into  aviation.  What  we  have  dona  at  the  AF  Academy  is  to  liberal- 
ise out  visual  standards.  A small  percentage  of  each  graduating  class  are  allowed  to  begin 
flight  training  wearing  spectacles  to  correct  their  refractive  errors.  Orthokeratology 
results  appear  to  be  only  teapotary. 

CRAiARIK;  1 have  one  quesdon  concerning  paper  No.  6,  a question  of  Prof  Chevaleraud.  Did  you  check 

the  reaction  of  those  soft  lenses  also  during  rapid  decompression  in  your  chaaber  flights 
or  do  you  believe  that  there  would  be  expected  bad  reactions.  That  la  tha  first  questlon> 
and  the  second  question  concerning  paper  No.  4,  the  paper  of  the  Session  Chairman  is: 

Have  you  any  experience  of  this  sane  kind  of  aandvich-conetructlon  eye  protection  glasses? 

1 could  lnaglne  that  there  could  be  good  effect  from  combining  different  materials,  to 
combine  the  good  things  of  all  those? 

CHEVALERAUD ; No,  we  have  not  made  any  rapid  decompression  runs  because  1 had  chosen  to  make  one  climb 
and  one  descent  at  10  m/sec.  It  la,  thus,  relatively  of  little  Importance.  As  to  whet 
could  happen  during  a rapid  decampreaslon,  I believe  there  is  lees  chance  of  bubbles  or 
of  a lens  injury  then  with  a hard  contact  lens.  And  this  is  an  additional  advantage  of 
the  soft  lenses  over  the  hard  lenses. 


TREDICI i 1 would  like  to  add  one  word  here.  I believe  the  last  slide  that  I had  Indicated  that 

there  would  be  changes  in  the  materials,  in  new  techniques  and  in  fitting  procedures 
which  are  a decade  or  two  into  the  future.  I know  Zeiss  of  West  Germany  is  working  on  a 
combination  soft-hard  lens,  soft  on  the  inside,  hard  on  the  outside,  so  that  it  will  fit 
with  comfort  and  still  correct  astigmatism.  Now,  this  kind  of  an  approach  when  you  add 
perhaps  increased  oxygen  permeability  means  that  then  the  lene  could  be  placed  on  the 
cornea  and  perhapa  not  be  removed  for  months.  As  for  the  sandwich  construction  (laminates), 
Yes,  combination  of  glass  and  plastic  lenses  have  been  made  (like  automobile  windshields). 
They  ere  very  resiacent  to  breakage  but  have  never  found  wide  favor  because  they  ere  much 
too  heavy, 

PERDR1EL:  I am  going  back  to  what  has  been  said  regarding  the  articles  in  dally  publications  (news) 

that  both  pilots  and  navigators  may  read  concerning  processes  to  improve  their  visual 
acuity.  I believe  that  the  role  of  the  flight  surgeon  is  to  warn  them  against  this 
procedure.  In  France,  for  a few  years  many  pilots  have  tried  to  use  Bates'  method.  It 
was  a so-called  method  of  relaxing  and  which  apparently  showed,  as  possibly  the  method 
Just  proposed  in  Canada,  a certain  success  in  the  civilian  but  not  in  the  aviation 
population.  In  time  it  was  found  that  this  method  brought  no  results,  but  deteriorated 
already  existing  conditions.  I believe  that  one  must  be  extremely  cautious,  and  stress 
this  point  to  the  pilots  regarding  the  danger  of  increasing  a 1/2  diopter  to  one  full 
diopter  as  it  has  happened  with  some  of  Bates'  methods.  Therefore,  I believe  one  must 
emphatically  discourage  these  procedures.  On  the  other  hand,  we  know  that  eye  aurgery 
and  corneal  surgery  may  be  performed  on  flying  personnel  and  that  keratoplasty  on 
pilots  following  certain  traumatic  lesions  yields  excellent  results.  The  Japanese  have 
also  used  a surgical  method  called  Sato's  method  to  treat  astigmatism.  It  consists  in 
a posterior  corneal  Incision  to  redlce  the  curvature  radius.  This  intervention  has  not 
proven  to  be  effective.  Unfortunately,  at  present,  with  the  exception  of  optic  ptocedures 
and  certain  surgical  procedures  one  cannot  improve  vision  following  a cornesl  lesion. 

TREDICI;  I *o  going  to  take  the  liberty  of  changing  the  subject  here  rather  abruptly  to  get  on  to 

one  of  the  other  areas.  I will  ask  Dr  Chevaleraud  the  question  since  presbyopia  obviously 
does  reduce  the  effectiveness  and  efficiency  of  a flyer:  Was  there  any  consideration 

given  of  just  grounding  the  flyer  rather  then  going  through  all  of  these  manipulations? 

CHEVALERAUD:  N°-  I think  that  in  our  text  we  have  a measurement  (value)  for  near  and  far  visual  acuity. 

When  an  Individual  (tubject)  does  not  meet  the  conditions  as  defined,  we  are  Just  as  con- 
cerned with  correcting  both  nesr  and  far  visual  acuity.  And,  so  far  as  I know,  we  have 
never  had  to  ground  someone  because  he  refused  to  wear  near  vision  corrective  aids.  These, 
as  you  know,  are  necessary  in  certain  phases  of  aviation  where  one  needs  to  resd  using 
near  vision. 

All  right.  That  It  why  I brought  the  subject  up — If  we  had  an  oversupply  of  pilots,  that 
would  be  the  easiest  way  out  of  this  whole  thing.  It  would  be  s rather  difficult  thing 
to  do,  but  we  have  brought  In  so  many  difficulties  and  to  integrate  even  a bifocal  or  a 
trifocal  with  all  the  other  apparatus  that  we  are  talking  about,  it  is  just  not  too 
efficient.  I realize  that  oy  solution  Is  like  an  ax,  but  1 only  brought  It  up  to  generate 
a discussion  but  since  apparently  nobody  Is  willing  to  take  that  position  we  will  go  along 
and  continue  them  In  the  cockpit  with  bifocal  and  trifocal  lenses. 

Addressing  your  question  about  the  problem  of  bifocals,  trlfocsis,  glasses,  contact  lenses, 
and  all  these  other  vision  aid  devices,  I am  afraid  that  the  individuals  making  the  deci- 
sions and  having  the  final  decision-making  authority  fall  within  the  category  of  those 
needing  visual  assistance.  Also,  they  have  sons  end  very  good  friends  In  the  young  age 
group  that  also  need  visual  assistance  to  meet  the  flight  standard  training  requirements. 

As  long  as  we  have  this  bias,  I am  afraid  that  we  as  physicians,  physiologists,  and 
optometrists  are  going  to  have  to  learn  how  to  make  these  Individuals  who  do  not  fit 
the  Ideal  physical  standards  compatible  with  the  mission  profile  end  the  machines  they 
must  fly. 

A eminent  to  the  ge..tleman  In  reference  to  flashblindness.  First,  1 would  like  to  commend 
them  ail  un  what  I think  la  an  ingenious  device  and  pass  our  regards  to  Dr  KutchinB; 
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weapons,  1 think,  has  to  be  considered  and  would  encourage  you  to  continue  in  your  work 
to  see  if  we  could  get  increased  transmission.  I agree  that  the  KC  135  and  B-52  missions 
could  do  well  with  201  transmission  whereas  if  you  get  into  trees  in  the  dusk  and  at  dark 
it  is  Just  not  a tenable  situation  so  1 would  encourage  you  to  continue  with  the  efforts. 

I could  comment  on  that.  He  have  on  our  continuing  work  with  the  Polaroid  Corporation 
from  whom  we  are  obtaining  our  polarizers  and  from  whom  we  plan  on  obtaining  them  in 
production.  Commercial  polarizers  are  designated  as  HN-22,  HN-32 , HN-38,  the  number 
being  the  percent  transmission  from  unpolarized  light.  Within  the  past  6 months  Polaroid 
has  been  successful  in  developing  for  us  an  HN-36  polarizer  that  has  an  improved  off  state 
when  compared  to  their  previously  available  HN-32  polarizers.  Granted,  we  are  talking 
shout  small  percents  but  every  little  bit  helps.  The  other  two  avenues  they  are  working 
on  for  us  is  improving  the  off  axis  protection  level  for  the  polarizers  and  in  bonding 
techniques.  Realistically,  we  will  probably  do  well  to  increase  this  figure  to  25X 
unless  we  find  out  that  we  can  alleviate  the  protection  levels  that  the  US  military  is 
asking  us  for — you  can  move  up  the  transmission  level  in  the  open  state  if  you  are  willing 
to  sacrifice  from  a closed  state.  In  other  words,  if  you  are  willing  to  work  with  an 
OD  of  2 to  3 rather  than  3 to  4.5,  then  we  could  possibly  raise  this  transmission  level 
up  to  around  30X  but  you  would  have  to  give  on  one  end.  He  will  not  get  50X,  I assure 
you  because  if  we  have  to  use  KG3  glass,  they  only  transmit  87X  of  the  light.  Then,  of 
course,  you  have  the  windscreen  which  is  going  to  reduce  the  transmission  even  further. 

I want  to  add  something  here,  simply  because  these  two  gentlemen  may  not  be  aware  that 
the  Ophthalmology  Branch  at  the  USAF  School  of  Aerospace  Medicine  was  involved  for  nearly 
a decade — I inherited  the  project  from  Jim  Culver  on  this  flashblindness  protection.  He 
really  were  not  successful  in  solving  the  riddle  even  though  we  spent  a lot  of  funds, but 
we  were  laying  down  the  foundation  for  the  solution  to  this  problem  and  so  1 do  not  think 
it  was  all  done  for  naught,  that  when  we  finally  did  achieve  a photcchromlc  device  it  was 
like  the  EG&G  goggle.  In  the  goggle  form,  all  the  apparatus  that  were  needed  to  set  it 
off  were  so  cumbersome — it  had  about  50  pounds  of  electronics,  battery  packs,  etc.,  so 
this  PLZT  system  is  really  one  of  the  big  breakthroughs — it  Is  the  fact  that  your  weight 
is  on  the  order  of  magnitude  of  10X  less  and  that  Is  really  what  I think  is  the  main 
advantage . 

With  our  approach  we  are  saving  quite  a bit  of  funds  because  now  the  magnitude  of  funds 
required  for  retrofitting  the  aircraft  is  reduced  by  quite  a bit. 

If  I sound  pessimistic,  I do  not  mean  to  be  so.  I would  like  to  just  amplify  a consent 
you  made  earlier,  and  1 hope  it  is  a consent  that  would  bring  a little  realism  to  this. 
Everything  we  have  heard  has  been  about  enhancement  of  one  of  man's  sensors;  the  flash 
protection  devices  is  nothing  more  than  an  enhancement  of  his  blink  reflex;  the  night 
vision  goggles  are  enhancement  of  hla  normal  physiologic  ability  to  see  at  night  or  not 
to  see  at  night;  the  hand-held  stabilization  devices  and  the  VTAS , etc,,  all  are  extension 
of  a normal  sense.  What  this  is  going  to  amount  to,  if  we  keep  going,  is  either  we  are 
going  to  have  to  go  back  to  Mustangs  and  Hurricanes  and  leather  helmets  or  we  are  going 
to  have  to  get  the  orthopedists  Involved.  He  are  going  to  have  to  fuse  the  man's  neck 
so  that  he  can  support  all  of  this  weight  and  he  can  actually  use  it  in  the  environment. 

And  I will  only  plead,  as  1 am  Involved  in  the  biomechanics  end  of  this  and  see  these 
pilots  come  back  from  the  test  range,  realize  they  cannot  button  their  collars  of  their 
dreas  ahirta  at  night  becauae  of  acute  muscle  swelling.  He  have  problems — if  we  add 
ounces  to  the  man's  head  for  whatevsr  purpose.  Now,  I realize  that  we  need  enhancement 
to  do  our  tactical  miaslons,  but  there  has  to  be  a compromise,  there  has  to  be  an  end 
someplace  to  all  of  this, 

I am  both  an  engineer  and  a physician.  And  I knew  that,  from  the  physical  scientist 
standpoint,  when  we  find  a way  of  enhancing  nan's  normal  senses  we  sell  it  lmaediately 
to  the  operational  covunlty.  This  immediately  brlnga  to  the  line  officer  new  tectlcs, 
new  doctrines,  new  strstegies.  Then  the  medical  department  is  asked  to  make  the  man  work 
better  as  a human  being  in  this  environment  and  you  just  can’t  do  anything  to  improve  the 
phyelology  of  man — all  we  can  do  it  support  him,  and  I think  that,  like  Dr  Chisua  said, 
we  need  to  get  the  medical  people  and  the  engineering  people  Involved — and  that  just  never 
happens.  Hs  have  to  be  realistic  about  it.  He  hope  it  will  work  but  we  are  reaching  a 
limit  here  from  a realistic  pragmatic  standpoint  of  what  we  can  do  with  a man's  head. 

I agree  with  what  you  aay,  based  on  the  observations  you  have  made.  We  are  out  to  prior- 
itize things,  advise  whet  trede-offe  would  be  necessary  to  what  part  of  a mission.  He 
are  not  dealing  with  an  omol  solution  for  all  things,  for  all  man  and  all  situations — 
that  might  be  the  only  way  to  go. 

I thoroughly  concur  with  that . 1 think  that  within  the  reeserch  coasunity  there  are  too 

many  of  us  that  promise  too  much  to  the  engineer,  to  the  operational  aids  and  are  not 
honest  and  aay  we  cannot  extend  reasonably  the  physiological  limits  of  the  individual 
and  tall  them:  "Tou  can  give  ua  all  the  money  in  the  world  and  we  cannot  within  s reason- 
able time,  at  a reasonable  cost,  and  with  a reasonable  weight  penalty  solve  your  problems"; 
whereus  there  ere  a lot  of  people  that  will  say:  "Civs  us  a lot  of  money  end  we  will  look 
at  that  problem.”  Okay,  it  kaeps  the  jobs  going;  it  keeps  the  institute  open,  but  we 
are  not  being  honeet  to  the  people  we  are  supposed  to  be  supporting. 

But  those  are  the  people  who  may  solve  the  problem.  Where  we  are  mlsaing  the  point  la 

that  they  are  amt  lmvolvd  In  the  overview  of  thm  whole  thlna— how  Important  la  that 
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I think  our  projnet  shows  an  exaaple  of  this.  What  wa  are  looking  for  la  not  the  goggle 
that  we  see  here  today— that  la  an  Inter  la  goggle.  Our  goal  was  to  keep  It  at  one  pound 
or  leas  and  we  are  there  now,  but  wa  are  not  going  to  atop  at  one  point  or  less.  We  will 
keep  on  going  down;  however,  we  are  going  to  keep  the  endeavor  open  even  after  we  get 
these  In  production  to  develop  a pair  of  what  you  might  call  sunglasses.  It  ii  even  our 
hope  that  these  alght  even  became  the  sunglasses  and  the  flashblindness  thermal  protection 
for  the  eyes.  For  the  B-l  bomber,  we  have  already  decided  we  are  not  going  to  man  at  all; 
it  will  be  in  the  thermal  shields,  therefore,  we  have  taken  all  the  weight  off  the  man  In 
that  particular  clrcuastance.  Now,  I will  give  you  a personal  opinion.  I would  rather 
sea  us  go  back  to  a leather  helmet  and  take  everything  off  of  it,  and  if  we  do  have  a 
necessity  for  a mission  specific,  for  a device  which  puts  some  kind  of  beam  or  picture 
in  a visor  in  front  of  the  man's  head,  then  we  get  a man  that  can  operate  in  a high  G en- 
vironment to  do  that  specific  mission,  and  I would  trade  off  the  possibility  of  hitting 
his  head  after  ejection  on  the  ground  to  accomplish  the  mission  because  being  very  cruel, 

I would  rather  accomplish  the  mission  and  fracture  the  skull  later  then  to  protect  the 
skull  now  and  not  be  able  to  accomplish  the  mission.  That  is  my  personal  opinion,  please. 

How  much  can  we  add  in  terms  of  devices  of  various  types?  We  can,  I believe,  to  some 
degree — we  do  have  to  make  a valid  judgment  as  to  the  value  of  these  devices  as  compared 
with  the  physiological  capability  af  the  man  to  perform  that  mission.  1 can  give  one 
example,  however,  where  when  engine.-. a who  develop  weapon  systems  and  the  crew  systems 
people  get  together  that  accomplishments  can  be  made.  In  the  first  days  of  the  VTAS  when 
the  engineers  who  developed  that  electronic  system  were  working  independently  they  took 
a standard  issue  5.5  pount  Navy  helmet  and  added  14  ounces  to  it,  way  forward  to  the 
center  of  gravity  and  much  more  bulk  and  when  it  was  sent  out  to  be  evaluated,  they  said 
It  did  not  work.  It  did  not  work  not  because  of  the  electronics  but  it  did  not  work 
because  of  che  poor  pilot  who  could  not  hold  up  their  heads  because  of  the  weight  on  them 
in  pulling  G'a.  When  they  finally  came  to  us  in  the  development  of  the  helmet,  during 
the  course  of  several  evolutions,  he  now  has  a 2.5  to  3 pound  helmet  with  the  VTAS  inte- 
grated into  the  shell  of  the  helmet  and  we  have  lessened  the  weight  and  the  penalty  of 
man  by  at  least  50Z  by  doing  so. 

In  a way  what  you  are  saying  is  that  we  should  go  back  and  evaluate  the  mission  and  see 
of  what  importance  all  of  these  things  are.  How  necessary  are  they  rather  than  Just  the 
continual  addition  of  more  and  more  gadgetry  so  that  in  certain  cases  whst  we  really  need 
to  be  doing  la  substituting  one  for  another  rather  than  adding  on  and  on.  And,  if  the 
substitution  is  not  an  Improvement,  then  we  should  not  fool  with  it. 

I will  make  Just  one  more  comment  and  then  pull  out  of  this  dialogue.  I think  it  is  not 
to  important  to  worry  about  the  safety  aspect  as  it  is  the  human  performance  of  the  mission, 
the  efficiency  during  the  mission,  and  thst  is  what  I am  talking  about.  I am  not  talking 
about  crash  effects  or  anything  like  that;  I am  talking  about  man's  efficiency  during  the 
mission.  We  supply  him  with  black  boxes  to  do  his  job  better  but  in  fact  we  may  compromise 
his  ability  to  do  the  overall  mission.  Night  vision  goggles — he  can  only  see  20/70.  Does 
he  need  to  see  better  than  20/70?  It  would  be  terrible  to  get  out  there  and  to  find  out 
Chat  he  cannot  deliver  the  weapon  or  that  he  cannot  fly  the  mission  at  20/70  at  night. 

And  realize  that  all  you  have  done  is  for  naught.  Because  if  all  he  needs  is  20/70,  it 
improves  our  selection  criteria  for  aviators  to  only  20/70  Instead  of  20/20. 

I am  in  agreement  with  your  philosophy  of  efficiency,  but  I disagree  with  your  last  comment. 
If  he  starts  out  with  20/70  and  then  he  further  degrades,  you  are  now  down  to  nothing. 

1 believe  that  all  the  comments  made  are  very  important  because  the  role  of  the  Sensory 
Couslttee,  of  our  Panel,  is  actually  to  discuss  the  limits  of  the  visual  aids  of  the 
general  personal  type,  and  of  the  visual  aids  adapted  to  air  navigation;  namely,  those 
that  are  placed  in  the  aircraft.  And,  1 may  add,  thst  each  time  that  one  of  us  comszin- 
lcstes  with  sn  engineer  or  a technician  proposing  s new  visual  aid,  we  always  mist  ask 
whether  it  may  be  placed  in  the  cockpit.  I shall  use  atomic  protection  as  an  exaaple. 
Present  technology  prevents  the  use  of  proper  protection  against  flash  on  the  transparent 
valla  of  the  cockpit.  And  I believe  that  it  is  time  we  try  to  concern  ouraelves  with 
this,  let  us  say,  general  protection  to  the  aircraft  rather  than  place  this  protection 
on  or  before  the  eyes  of  the  aviator.  This  would  permit  us  to  consider  a protection  from 
both  the  lasers  and  the  atomic  flash  rather  ->ian  give  the  pilot  only  hard  glass  to  protect 
him  against  external  trauma.  We  need  to  place  some  substances  on  the  walls  of  the  cockpit 
which  would  avoid  shock.  We  could,  thus,  place  a visual  protection  on  the  plane.  I 
realize  that  this,  in  aviation  tarms,  would  increase  the  "payload"  or  weight  of  the  air- 
craft and  may  modify  its  performance.  Conversely,  one  may  also  wonder  whether  this 
protection  would  not  be  better  than  to  transform  the  pilots  into  true  visual  robots. 

Because,  if  we  try  to  imagine  the  pilot  with  all  the  apparatus,  all  the  visual  aid  equip- 
ment we  have  heard  about  today,  well,  I wonder  what  it  does  represent  from  the  human  point 
of  view. 

The  General  has  made  a very  grod  point.  This  panel  has  today  heard  about  the  ultimate  In 
sophistication  in  instrumentation  and  yet  sometimes  we  cannot  afford  the  penalty  it  extracts 
in  other  araaa,  auch  as  a too  great  Increase  in  payload  or  a decrease  In  maneuverability. 
This  brings  us  back  again  to  the  point  made  previously.  There  will  be  s need  for  trade-offs 
or  specialization  in  mission  capabilltias . 

May  I take  the  privilege  of  the  Chair  of  the  pant  and  bring  this  discussion  of  philosophers 
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the  aercaedlcal  scientist  and  practitioner  to  aaalat  Man  to  hla  beat,  I would  not  Ilka  to 

go  ao  far  as  to  say— -this  la  making  a Joke— that  you  can  put  a blind  man  in  primary  control  ] 

of  a high  performance  Jet  aircraft  If  you  can  provide  him  with  a specially  trained  German 

ahephard.  But,  nobodywould  believe  when  the  Wright  Brothers  started  flying  that  within 

a very  short  while  we  could  reach  more  than  3 Mach. 

TBHDICI;  On  that  vein  then.  General  Fuchs,  we  will  close  this  session. 

FUCHS:  In  sumarizatlon,  then,  I would  remind  you  that  vision  plays  the  most  prominent  role  in 

date  gathering  for  man,  so  much  so  that  anything  affecting  it  will  be  significant  for  the 
aviator.  Those  of  us  caring  for  the  aviator  or  attempting  to  increase  his  effectiveness 
could  not  look  at  a more  fruitful  area. 

Clear  vision  assures  us  of  processing  uncluttered  and  accurate  data  in  our  mental  computer. 

What  occurs  with  this  Information  after  its  reception  Is  concerned  with  the  training  and 
developed  skills  of  the  aviator.  However,  if  Inaccurate  or  Incomplete  visual  Information 
is  received,  we  are  almost  assured  of  failure  of  that  task.  The  shortened  time  element 
available  In  decision  making  In  modern  aviation  makes  It  Imperative  to  look  carefully  at 
the  visual  task. 

It  is  because  of  this  that  we  have  in  this  session,  this  morning,  looked  at  visual  aide 
for  the  aviator.  In  an  attempt  to  extend  his  visual  range,  reduce  hie  decision  and  reac- 
tion times,  we  heve  examined  aviator  spectacles  to  improve  and  maintain  his  basic  vision, 
by  correcting  his  refractive  error  and  presbyopia.  We  have  also  looked  st  newer  modalities 
such  ss  contsct  lenses;  we  have  explored  ways  to  further  extend  his  vlsusl  capabilities  j 

when  his  visual  apparatus  Is  deficient — especially  in  his  limited  ability  to  see  st  night; 
and  to  extend  his  useful  life  in  the  cockpit,  we  have  discussed  the  evailable  solution 
to  the  Inevitable  problem  of  presbyopia. 

I 

Once  selected  for  exceptional  visual  capabilities  and  expensively  trained  for  aviator 
duties,  of  necessity,  the  vital  visual  sense  must  be  protected  and  preserved.  This,  too, 
hss  been  addressed  in  this  Session.  Protection  of  vision  from  excessive  physical  and 
electromagnetic  energy  Is  being  achieved  by  the  use  of  spectacles  and  visors  produced  of 
suiterlals  chat  are  the  latest  breakthrough  lu  the  state-of-the-art. 

I 

This  Session  also  brought  forth  that  much  more  needB  to  be  done — from  making  difficult 
decisions  concerning  visual  standards  to  continued  exploration,  hopefully  leading  to 

the  ultimate  "onnl"  aid  and  visual  protector.  We  hope  this  Session  has  set  the  tone  j 

for  continued  exploration  and  development  to  enhance  and  protect  the  flyer's  most  ; 

valuable  resource — HIS  VIS10H.  ' 
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